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VL Grounds for opposition: 

Opposition is based on tiie following grounds; 

(a) the subject-matter of the European patent opposed is not patentable (Art. 100(a) EPC) 
because: 

- it is not new (Art. 52(1); 54 EPC) 

— it does not involve an inventive step (Art. 52(1); 56 EPC) 



— patentability is excluded 
on other grounds, i. e. 



Art. 
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(b) the patent opposed does not disclose the invention in a manner sufficiently clear and complete 
for it to be carried out by a person siiilled in the art (Art. 100(b) EPC; see Art. 83 EPC). 



(c) the subject-matter of the patent opposed extends beyond the content of the application/ 
of the earlier application as filed (Art. 100(c) EPC, see Art. 1 23(2) EPC). 
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page 1, lines 24-28; page 2. lines 8-10; page 3. lines 1-2, 15-18, 19-33 




2 JP-A-59/46217(RIKEN) 

Particular relevance (page, column, line, fig.): 
English translation: page 4; table 1 




^ JP-A-61/246124 (YAMANOUCHI PHARMACEUTICAL CO. LTD.) 

Particular relevance (page, column, line, fig.): 
English translation: page 10, lines 20-23; page 2 




^ THE LANCET, vol. 339. 1992. page 1233. ADLERCREUTZ H. et al. 

Particular relevance (page, column, line, fig.); 
whole document 




^ J. ENDOCR;, vol. 102 (1), 1984, pages 49-56, AXELSON M. et al. 

Particular relevance (page, column, line, fig.): 
whole document 




^ J. NATL CANCER INST., vol. 83 (8). 1991. pages 541-6, MESSINA M. et al. 

Particular relevance (page, column, line, fig.): 
page 542, left column, first three paragraphs; page 545, first paragraph under "Discussic 




^ CANCER RESEARCH, vol. 48 (22), 1 988, pages 6257-6261 . CASSADY J.M. et al. 

Particular relevance (page, column, line, fig.); 
whole document 
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A. Publications: 



FOOD AND COSMETICS TOXICOLOGY, vol. 18 (4), 1980, pages 435-437. DRANE 
H.M. et al. 

Particular relevance (page, column, line, fig.): 
whole document 



J. STEROID BIOCHEM. MOLEC. BIOL., vol. 41 (3), 1992. pages 331-337, 
ADLERCREUTZ H. et al. 

Particular relevance (page, column, line, fig.): 
Page 331. "Introduction" 



10 

AM. J. CLIN. NUTR., vol. 54, 1991. pages 1093-1100. ADLERCREUTZ H. et al. 

Particular relevance (page, column, line, fig.): 
whole document 



u 

J. AM. DIETETIC ASS. - PERSPECTIVE IN PRACTICE, vol. 91 (7). 1991. pages 836- 
840. MESSINA M. etal. 



Particular relevance (page, column, line, fig.): 

page 837. under "Soybeans and cancer risk", the second paragraph and under 
"Experimental studies"; page 838 at the beginning of the left column and on the same 
page at the beginning of the right column. 
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WO-A-89/05655 (INNOLAB N.V.) 

Particular relevance (page, column, line, fig.): 
Whole document 



OPPOSITION AGAINST EUROPEAN PATENT No. 0 656 786 B1 IN THE NAME OF 
NOVOGEN RESEARCH PTY LTD 

ZAMBON GROUP S.p.A., a Corporation of Italy. Vicenza, via della Chimica 9, opposes 
to EP 0 656 786 granted on September 15. 2004. in the name of NOVOGEN Research 
Pty Ltd on the grounds set forth in Article 100(a) and (b) EPC. 

1. GROUNDS OF OPPOSITION 

The subject-matter of EP 0 656 786 is not patentable being not new according to 
Art. 54(1), (2) and (3) EPC and not involving an inventive step according to Art 56 
EPC; furthemnore, the invention is not disclosed in the patent in a manner 
sufficiently clear and complete for it to be earned out by a person skilled in the art. 

2. THE OPPOSED PATENT 

EP 0 656 786 has 1 1 claims. Claimi is the only independent claim and remaining 
claims 2-1 1 are dependent from claim 1 . 

Independent claim 1 reads as follows: 

The use of an isoflavone phyto-oestrogen extract of soy or clover, for ttie 
manufacture of a medicament for administration in unit dosage form for the 
treatment of pre-menstrual syndrome, symptoms associated with 
menopause, or prostate cancer 

Claim 2 relates to the use of the above medicament containing a dietary excipient, 
claims 3-5 more specifically refer to the source of the above extract, claims 6-7 refer 
to specific isoflavones and to their relative ratios in the above extract, claims 8-1 1 
refer to the dosage, the schedule of treatment, the presence of additional phyto- 
oestrogens, and the dosage form. 

3. THE PRIOR ART 

The prior art documents on which the Opponent relies are the following: 

D1 - WO-A-94/23716 (TUFTS UNIVERSITY SCHOOL OF MEDICINE) 
D2 - JP-A-59/46217 (RIKEN) - with English translation 

D3- JP-A-61/246124 (YAMANOUCHI PHARMACEUTICAL CO. LTD.) - with 
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English translation 

D4 - THE LANCET, vol. 339, 1992, page 1233, ADLERCREUTZ H. et al. 
D5 " J. ENDOCR,. vol. 102 (1), 1984. pages 49-56, AXELSON M. et al. 
D6 J. NATL CANCER INST., vol. 83 (8). 1991 , pages 541-6. MESSINA M. et al. 
D7 CANCER RESEARCH, vol. 48 (22). 1988. pages 6257-6261 , CASSADY J.M. 
et al. 

D8 FOOD AND COSMETICS TOXICOLOGY, vol. 18 (4). 1980. pages 435-437, 
DRANE H.M. et al. 

D9 J. STEROID BIOCHEM. MOLEC BIOL, vol. 41 (3), 1992, pages 331-337, 

ADLERCREUTZ H. etal. 
D10 AM. J. CLIN. NUTR., vol. 54, 1991, pages 1093-1100, ADLERCREUTZ H. et 

al. 

D11 J. AM. DIETETIC ASS. - PERSPECTIVE IN PRACTICE, vol. 91 (7), 1991. 

pages 836-840. MESSINA M. et al. 
012 WO-A-89/05655(INNOLABN.V.) 

4. THE SUBJECT MATTER OF EP 0 656 786 IS NOT NEW 

The subject-matter of the opposed patent lacks novelty according to Art. 54(1) and 
(2) EPC as well as according to Art. 54(3) EPC. 

Lack of novelty pursuant to Art. 54(3) EPC 

In Opponent's opinion, the opposed patent is not entitled to the claimed priority and 
therefore D1 is relevant prior art pursuant to Art, 54(3) EPC. 

Before discussing the reasons for this lack of novelty, the lack of priority right is 
discussed herein after. 

European patent application No. 93 909 679.8. from which the opposed patent 
derives, was filed on May 19. 1993 as International patent application 
PCT/AU93/00230. claiming priority of the Australian provisional application PL2511 
filed on May 19. 1992. 

International patent application PCT/AU93/00230 (herein after referred to as 
WO93/23069) does not relate to the same invention of Australian provisional 
application PL2511 (herein after refen^ed to as AU provisional application) and 
therefore it is not entitled to the priority date of May 19. 1992. 

The AU provisional application has no claims and it is so different in wording from 
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WO93/23069 that a direct comparison between the two docunnents cannot be made. 
Independent claim 1 of WO93/23069 reads as follows: 

A health supplement comprising a health supplementary amount of a 
naturally occurring phyto-oestrogen selected from any two or more of 
genistein, daldzein, biochaninA, fonnononetin, and/or their glycosides. 

Claims 2-9 depend on claim 1 and independent claim 10 is essentially the same as 
claim 1 but in a "method of treatmenf form. 

No doubt that the invention as claimed in WO93/23069 is a phyto-oestrogen 
containing health supplement characterized by the use of at least two phyto- 
oestrogens selected from genistein. daidzein, biochanin A, formononetin, and/or 
their glycosides. 

No basis for these specifically selected phyto-oestrogens as essential features of 

the invention can be found in the AU provisional application. 

In fact, it is worth noting that two out of four of the above phyto-oestrogens are never 

mentioned in the AU provisional application. Reference is made several times to 

daidzein and genistein but neither biochanin A nor formononetin are ever 

mentioned. 

Refening to the phyto-oestrogens of the invention, the AU provisional application 
specifically refers to dietary phyto-oestrogens like isoflavones and coumestans. both 
known for their biological effects (see the paragraph bridging pages 2 and 3 of the 
AU provisional application). 

Through the whole document of the AU provisional application, when a reference is 
made to the phyto-oestrogens of the invention, the reference is always to 
isoflavones and/or coumestans and. within the group of isoflavones phyto- 
oestrogens, reference to daidzein and genistein only is made, daidzein being 
preferred (see for example the portion of the AU provisional application from page 8, 
line 14 to page 9, line 21 which cannot be found in WO93/23069). 
The phyto-oestrogens of the invention according to WO93/23069 are isoflavones 
only, some of which never mentioned in the AU provisional application. 

Therefore, the invention as described in WO93/23069 refers to the use of some 
isoflavones as health supplement while the invention as described in the AU 
provisional application refers to the use of partially different isoflavones and/or 
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coumestans as health supplement. 

In view of the above arguments, the Opponent's opinion is that WO93/23069 and 
AU provisional application do not refer to the same invention pursuant to Art. 87(1) 
EPC and no claims of the European patent application from which the opposed 
patent derives were entitled to the priority of May 19, 1992. 

The effective date of the opposed patent for the provisions of Art. 54 EPC is 
therefore the Intemational filing date of May 19, 1993 and, consequently. D1 is prior 
art according to Art. 54(3) EPC. 

D1 relates to the use of isoflavonoids from soy beans or other plants for the 
treatment of menopausal and premenstrual symptoms (see for example page 1, 
lines 24-28). 

On page 2. lines 8-10 and page 3, lines 1-2. the use of a plant extract rich in 
isoflavonoids is mentioned. 

On page 3, lines 28-33, the administration of the isoflavonoids in the fonm of a 
dietary product as well as in the form of a medicament in unit dosage form is 
reported. 

In view of the above, claims 1-5 and 1 1 of the opposed patent lack novelty. 
Further, claim 6 of the opposed patent lack novelty in view of D1. page 3, lines 15- 
18; claims 7-8 lack novelty in view of D1, page 3. lines 19-23; and claim 9 lacks 
novelty in view of D1 , page 3, lines 23-27. 

Therefore, claims 1-9 and 11 of the opposed patent lack novelty under Art. 54(3) 
EPC in view of D1. 

Lack of novelty pursuant to Art. 54(1) and (2) EPC 

The opposed patent lacks novelty pursuant Art. 54(1) and (2) EPC in view of D2. 
D2 relates to carcinostatic agents containing flavonoids or isoflavonoids. 
Examples of flavonoids and isoflavonoids specifically include genistein and daidzein 
(see page 4 and table 1 of 02). 

These carcinostatic agents may be administered in the fomi of an oral or non oral 
drug. 

02 refers to flavonoids and to isoflavonoids as to known substances so including 
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their use from natural sources such as plant extracts. 

Claims 1 , 6 and 1 1 of the opposed patent lack novelty in view of D2. 

The opposed patent lacks novelty pursuant Art. 54(1) and (2) EPC in view of D3. 
The carcinostatic activity of genistein together with phamnaceutical compositions 
containing it in unit or multiple dosage forms is described in D3. 
Also clinical dosages of genistein (200 mg to 1000 mg per day) are reported on 
page 10. lines 20-23 of D3. 

The natural origin of genistein as a compound separated from clover is also 
mentioned on page 2. 

Claims 1 , 5-6, 8-9 and 1 1 of the opposed patent lack novelty in view of D3. 

5. THE INVENTION OF EP 0 656 786 DOES NOT INVOLVE AN INVENTIVE STEP 

The use of isoflavone phytoestrogen extracts from soy or clover for the treatment of 
pre-menstnjal syndrome, menopausal symptoms, or prostate cancer as claimed in 
the opposed patent lacks inventive step. 

The therapeutic use of isoflavone phyto-oestrogens is widely reported in the prior art 
literature. 

As above reported D2 and D3 relate to the use of isoflavonoids as carcinostatic 
agents. 

D4 con-elates the effect of dietary phyto-oestrogens on menopausal symptoms in 
Japanese women. Isoflavonoids such as genistein and daidzein are specifically 
mentioned and their intake from soy products cleariy reported. The Authors 
conclude that "High levels of isoflavonoid phyto-oestrogens may partly explain why 
hot flushes and other menopausal symptoms are so infrequent in Japanese 
women''. 

D5 relates to soya as a source of equol in man and animals. The study was carried 
out by using food constituents as well as extracts as a source of phyto-oestrogens 
(equol precursor). When discussing the results of the study, the Authors suggest to 
investigate the dietary habits of women with unexplained infertility or disorders of the 
menstrual cycle and to investigate further whether the presence of phyto-oestrogens 
in common food-stuffs affects the development and/or treatment of hormone- 
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dependent tumors. 

D6 is a report of a workshop held in June 1990. The role of isoflavones in the 
prevention of cancer is broadly discussed. In one of the discussed studies (see page 
542, left column, first three paragraphs), soy foods and soy extracts were found to 
be active in inhibiting mammary tumorigenesis. It is interesting to note that one of 
the tested product, an aqueous alcohol-extracted soy protein concentrate was found 
inactive because of its low content of isoflavones. As reported in D6 (see page 545, 
first paragraph under "Discussion"), at the end of the workshop there was a 
consensus that "there are sufficient data to justify studying the Impact of soybean 
intake on cancer risk in humans". 

D7 describes the activity of plant extracts, in particular red clover extracts containing 
isoflavones, as carcinostatic agents. 

In D8 soy-bean extracts were tested for oestrogenic activity. All the ethyl acetate 
extracts (containing genistein and daidzein) were found to be active. 

D9 corresponds to the Proceedings of the 10*^ International Symposium of the 
Joumal of Steroid Biochemistry and Molecular Biology. Recent Advances in Steroid 
Biochemistry and Molecular Biology, held in Paris on 26-29 May 1991. In the 
introduction, a brief comment about the literature on lignans (Ligs) and isoflavonoids 
(Ifis) is reported as follows: There is already evidence suggesting that both Ugs and 
Ifis are protective with regard to BC and that Ifis may be protective with regard to 
prostate cancer (PC)." The study relates to the possible mechanisms by which the 
cancer-protective effect of these compounds is exerted and concludes that the 
results obtained strongly suggest that lignans and isoflavonoids (from soy products) 
have cancer-protective properties. 

D10 discloses the low mortality in breast and prostate cancer in Japanese women 
and men. respectively, and this is put into relation with the high intake of soybean 
products. The role of phyto-oestrogens, in general, and of genistein, in particular, is 
specifically underlined in connection with the protective activity with respect to 
prostate cancer. 

D11 is an overview of the potential role of soyfoods in cancer prevention. On page 



837, under "Soybeans and cancer risk", the second paragraph begins as follows: 
"Several compounds with anticancerogenic activity are found In relatively high 
concer)trations in soybeans. Among those thus far identified are isoflavones, 

protease inhibitors, Under "Experimental studies", it is specifically mentioned 

with respect to isoflavones that "The data of Barnes et al. suggested that the 
isoflavones in soybeans were responsible for tumor inhibition," (see page 838 at the 
beginning of the left column). On the basis of the mechanism of action of 
isoflavones, on the same page of D1 1 (see the beginning of the right column), the 
Authors conclude that "isoflavones may have a role to play in the prevention of a 
wide range of cancers". 

D12 discloses a dietary supplement containing substances, extracted from natural 
sources, which have a beneficial effect on certain human conditions, particulariy 
menopausal hot flushes. The dietary supplement may be formulated as a beverage 
or in granule, capsule or suppository form. 

In summary, from D2-D1 1 is known that isoflavones phyto-oestrogens from soy or 
clover are effective in the treatment of pre-menstrual syndrome, menopausal 
symptoms, and prostate cancer. 

From D5 and D6 is known that soy foods and soy extracts are equally effective, 
especially in cancer Inhibition, provided they are both rich in isoflavones. 

D12 shows that it is within the common general knowledge to use a formulation 
containing an extract from a natural source as valuable alternative to the 
administration of natural substances through food intake. 

From the above, it is clear that the invention of EP 0 656 786 is obvious to a person 
skilled in the art and therefore does not involve an inventive step. 

6. THE INVENTION IS NOT SUFFICIENTLY DISCLOSED IN THE PATENT 

The invention as claimed in the opposed patent relates to the use of an isoflavone 
phyto-oestrogen extract of soy or clover for the preparation of a medicament useful 
for the treatment of pre-menstrual syndrome, symptoms associated with 
menopause, or prostate cancer. 

Neither the preparation of extracts of soy nor data about their efficacy in the 



treatment of the above conditions are reported in the patent. 
On the other side, the patent proprietor underlined several times during the 
examination proceedings that the plant extracts for the use according to the claimed 
invention are not mere crude extracts and differ also from purified individual 
isoflavone phyto-oestrogen compounds. 

In the absence of any guidance on how to prepare a soy extract useful for the 
preparation of a medicament as claimed in the opposed patent, the skilled In the art 
must consider that any soy extract can be used in the claimed invention. 
In this case, however, the Opponent wishes to draw to the Opposition Division's 
attention that the content of isoflavones in soy and clover is different both 
qualitatively and quantitatively. Also soy extracts and clover extracts are different in 
the same way. 

For example, red clover extracts contains a mixture of four isoflavones, namely 
genistein, daidzein, biochanin A, fonnononetin, and in fact also the standardized 
clover extract contained in Promensil®. the product sold by the patent Proprietor, 
contains a mixture of genistein, daidzein, biochanin A, formononetin in the 
biologically active aglycone fonns (see van de Weijer P.HM et aL, Matuhtas 42 
187-193 cited as D33 by the patent proprietor during the examining proceedings of 
the opposed patent). 

Soybeans extracts contains only daidzein and genistein. 

Biochanin A is known to have estrogenic activity and fonnononetin has low 
estrogenic activity but it is converted in vivo into equol. an estrogenic metabolite. 
The evidences showed by the patent Proprietor to prove the efficacy of a red clover 
extract in the treatment of pre-menstmal syndrome, symptoms associated with 
menopause, or prostate cancer cannot prove the efficacy of soy extracts in the 
same treatment since soy extracts lack of biochanin A and formononetin which are 
not inert isoflavones components of red clover extracts. 

In T 409/91 and T 435/91, the view of the Board of Appeal was that for the 
requirements of Art. 83 EPC, the disclosure of one way of performing an invention is 
only sufficient if it allows the invention to be performed in the whole range claimed 
rather than only in some members of the claimed class. 

In Opponent's opinion the claimed invention is not sufficiently disclosed in the 
opposed patent and, therefore, it does not fulfil the requirement of Art. 83 EPC. 

7. CONCLUSIONS 
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Claims 1-11 of the opposed patent are invalid, since the claimed subject-matter is 
not novel and/or does not involve an inventive step. 

Claims 1-11 are invalid also because the invention is not disclosed in the patent in a 
manner sufficiently dear and complete for it to be carried out by a person skilled in 
the art. 

The Opponent requests the revocation of the European patent 0 656 786 in its 
entirety. 

In case the Opposition Division does not intend to revoke the opposed patent in its 
entirety, oral proceedings are requested according to Art. 1 16 EPC. 
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METHOD FOR TREAtMFNT OF MENOPAUSAL 

BacKqrpyncl off th? Jnvent^^pn 

5 The present invention relates to therapies for the 

prevention and treatment of menopausal and premenstrual 
symptoms* 

It has long been recognized. that the sharp 
reduction in endogenous estrogen levels which occurs 

10 prior to menopause causes a variety of unpleasant 
symptoms, e.g., hot flashes, nausea, nervousness, and 
malaise. Currently, the symptoms of menopause sire 
treated by estrogen replacement therap^y which has 
recently been shown to increase the risk of certain types 

15 of cancer, such as endometrial cancer and breast cancer. 
Changes in levels of endogenous estrogen may also be 
responsible for **premen6trual syndrome", a condition 
occur Ing in younger women prior to menstruation. 
Premenstrual symptoms are treated with a variety of 

20 hormonal and nonhormonal therapies, which may cause side 
effects. Safer and more effective therapies for both 
conditions continue to be sought. 

Summary of the Invention 
The inventors have found that isof lavonoids, which 

25 are constituents of soy beans and other plants, 

effectively reduce the symptoms of conditions which are 
caused by reduced or altered levels of endogenous 
estrogen, e.g., menopause, and premenstrual syndrome. 
Without being bound by any theory, it is believed that 

30 the isof lavonoids bind to estrogen receptors, and thus 
exert an estrogenic response. These compounds, which are 
present naturally in soy-based and other plant-based 
foods, are safe and cause no significant side-effects. 
Isof lavonoids which may be administered according to the 

35 invention include genistein, daldzein, Biochanin A, 
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formononetin, O-desmethylangolensin, and equol; these may 
be administered alone or in combination. 

Accordingly, in one aspect, the invention features 
a method of preventing or treating the symptoms of 
5 menopause, premenstrual syndrome, or a condition 

resulting from reduced levels of endogenous estrogen, by 
administering to the woman an effective amount of at 
least one isof lavonoid. The isoflavonoid may be 
administered in any suitable form, e.g., in the form of a 

10 plant extract rich in isof lavonoids or in the form of a 
purified or synthesized isoflavonoid. 

In another aspect, the invention features a 
therapeutic dietaiY product for preventing or treating 
symptoms resulting from reduced or altered levels of 

15 endogenous estrogen. The dietary product preferably 

includes a soy extract containing enriched isof lavonoids, 
provided in a palatable food carrier, e.g., a 
confectionary bar, biscuit, cereal or beverage. 

Other features and advantages of the invention 

20 will be apparent from the Description of the Preferred 
Embodiments thereof, and from the claims. 

Description of the Preferred Embodiments 
Isof lavonoids are naturally occurring substances, 
found primarily in soy beans. These compounds are also 

25 found in lower concentrations in many other plants. 
Isof lavonoids can thus be administered to a patient by 
placing the patient on a diet containing high levels of 
soybased food products, e.g., tofu, miso, soybeans, 
aburage, atuage and koridofu, or other plant products 

30 rich in isof lavonoids. 

These products may not be readily available in all 
geographic regions (most of these foods are served 
predominantly in Japan) , and are not be palatable to many 
women, particularly those accustomed to Western-style 

35 food. 
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Accordingly, an Isoflavonold'-contalnlng fraction 
can be extracted from a soy or plant product. It is 
preferred that the isof lavonoids be extracted and 
concentrated from soy bean or soy powder. Isof lavonoids 
5 are also available commercially in substantially pure 
form. The concentrated isof lavonoid is preferably 
included in a food carrier to form a dietary product. 
Any type of palatable carrier may be used, but, as the 
isof lavonoid concentrate has a strong flavor, it is 

10 preferred that the carrier include suitable flavorings to 
impart a different, more palatable flavor. The dietary 
product may be any type of food product, e.g., a 
confectionary bar, biscuit, cereal or beverage. 

It is preferred that the dietary product contain 

15 at least 30 mg/ serving total isof lavonoids. The 

isof lavonoid concentrate included in the dietary product 
preferably includes a blend primarily comprised of 
genistein and daidzein. The concentrate typically also 
contains lower levels of other isof lavonoids . Most 

20 preferably, the dietary product contains from about 10 to 
30 mg/ serving, more preferably about 20 mg/ serving of 
genistein, and from about 5 to 10 mg/serving, more 
preferably about 7 mg/serving of daidzein. Preferably, a 
dietary product containing the preferred dosage of 

25 isof lavonoids would be consumed at least once per day, 
preferably 1 to 2 times per day depending upon the 
severity of the woman's symptoms. 

While it is preferred that the isof lavonoid be 
administered in the form of a dietary product, if desired 

30 the isof lavonoid could be administered, preferably In 
similar dosages, in medicament form, e.g., mixed with a 
pharmaceutically acceptable carrier to form a tablet, 
powder or syrup. 
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BKample 

The connection between diet and estrogen excretion 
was studied in Japanese women and men, and in a few 
children. The women's mean age was 50.4 (SD 18.0) years 
5 and they were all from a small village south of Kyoto and 
consumed a traditional Japanese low-fat diet* 
Isof lavonoid excretion in the urine was measured in a 
group of three men, three women, and three children 
living in Kyoto and consuming the traditional diet. We 

10 found a very high excretion of isoflavonoids in the urine 
of these subjects. The mean values were almost identical 
in the two groups and especially high excretion was found 
for genistein (maximum 15.5 umol per 24h in a man) and 
two other isoflavonoids, daidzein and equol (Table 1). 

15 All these compounds bind to estrogen receptors and have 
weak estrogenic activity. The excretion of the 
isoflavonoids in urine of the Japanese women was much 
higher than previously determined levels in American and 
Finnish women (Table 1) . Excretion was high in children 

20 as in middle-aged and old people. These confounds were 
excreted in 100-fold to 1000-fold higher amoimts than the 
levels of endogenous estrogens excreted by normal 
omnivorous women consuming a western or oriental diet 
(Table 1). 

25 The excretion of the isoflavonoids in urine was 

associated with intake of soy products such as tofu, 
miso, aburage, atuage, koridofu, soybeans, and boiled 
beans. 

It is known that Japanese women have a lower 
30 incidence of menopausal symptoms and premenstrual 
symptoms than the American and Finnish women. 
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Urinary 
isoflavonoid 
or estrogen 
(nmol/day) 


Japanese/ 
Oriental 


American 


Fianish 


Genletein 


3440(n=:3) 


• • 


32.l(n-12) 


Daldzein 


2600 (n»10) 


216(n=21) 


40.5(n»12) 


Equol 


2600 (n=10) 


62.8(n«21) 


44.2(n»12) 


Oestrone 

(postmenstru 

al) 


4.48(n«9) 


• • 


4.48 (n«10) 


Oestradiol 

(postmenstru 

al) 


0.76(n=9) 


• • 


0.94 (n°10) 


Oestriol 

(postmenstru 

al) 


4.48 (n=9) 


• • 


4.44 (nalO) 
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CIAIMS 

1* Use of an isoflavonoid in the preparation of a 
nedicaxaent for preventing or treating a medical condition 
in a woman caused by reduced or altered levels of 
5 endogenous estrogen. 

2. The use of claim 1, wherein said isoflavonoid 
is selected from the group consisting of genistein, 
daidzein, Biochanin A, formononetin, 0- 
desmethylangolensin and equol. 

10 3. The use of claim 1 wherein said isoflavonoid 

is in a unit dosage of at least 30 mg« 

4. The use of claim 1 wherein genistein and 
daidzein isoflavonoids are present in said medicament. 

5. The use of claim 4 wherein said isoflavonoid 
15 comprises from about 10 to 30 mg genistein and from about 

5 to 10 mg daidzein. 

6. The use of claim 1 wherein said medicament is 
in the form of a dietary product. 

7. The use of claim 6 wherein said dietary 
20 product contains at least 30 mg/serving of said 

Isoflavonoid. 

8. The use of claim 6 wherein said dietary 
product is a confectionery bar containing said 
isoflavonoid. 



25 9. The use of claim 6 wherein said dietary 

product is a cereal containing said isoflavonoid. 
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10. The method of claita 6 wherein said dietary 
product is a biscuit containing said isoflavonoid. 

11. The method of claim 6 wherein said dietary 
product is a beverage containing said isoflavonoid. 

12. A dietary product for preventing or treating 
symptoms of menopause, premenstrual syndrome, or 
conditions resulting from reduced or altered levels of 
endogenous estrogen, comprising at least one isoflavonoid 
provided in a non-soy-based palatable food carrier. 

13. The dietary product of claim 12 comprising 
genistein and daidzein isof lavonoids. 

14. The dietary product of claim 12 wherein the 
food carrier is a confectionery bar. 

15 o The dietary product of claim 12 wherein the 
food Ccirrier is a cereal. 

16. The dietary product of claim 12 wherein the 
food carrier is a biscuit. 

17. The dietary product of claim 12 wherein the 
food c£un:ier is a beverage. 

18. The dietary product of claim 12 wherein the 
food carrier contains an amount of the isoflavonoid which 
is effective in reducing the symptoms. 

19. The dietary product of claim 18 comprising at 
least about 30 mg isof lavonoids per serving. 



wo 94/23716 



PCT/US94A)4189 



- 8 - 

20. The dietary product of claim 13 wherein said 
dietary product comprises from about 10 to 30 ng/semring 
genistein and from about 5 to 10 mg/serving daidzein* 
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Clean copy of Specification (no change contained) 

SPECIFICATION 

1. Title of the Invention 

CARCINOSTATIC AGENT 

2. Patent Claims 

(1) A carcinostat ic agent containing a flavonoid 
compound or an isoflavonoid compound, as an active 
substance, indicated by the following general 
formula : 




wherein, Ri, Ra, R3 , and R4 each represents H, OH or 

OCH3; R5, and Rc each represents {wherein, R7, 

Rb, and Rg each represents H, OH or OCH3) , H, OH or OCH3 . 

(2) A carcinostat ic agent as claimed in Claim 1, 
wherein said carcinostat ic agent is administered in 
the form of a non oral drug. 

(3) A carcinostat ic agent as claimed in Claim 1, 
wherein said carcinostat ic agent is administered in 
the form of an oral drug. 
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3. Detailed Description of the Invention 

The present invention relates to a novel 
carcinostatic agent containing a flavonoid compound 
or an isoflavonoid compound, as an active substance, 
indicated by the following general formula: 




wherein, Ri, Rj, R3, and R4 each represents H, OH or 

OCH3; Rs, and Re each represents (wherein, R7, 

Re, and R9 each represents H, OH or OCH3) , H, OH or OCH3 . 

Conventionally, alkylating agents (such as 
nitrodiene mustards, ethyleneimines , and sulfonic 
acid esters), metabolic antagonists (such as folic 
acid antagonist, purine antagonist, and pyrimidine 
antagonist) , plant nuclear division toxicant (such as 
colcemid, and vinblastine) , antibiotic agents (such 
as sarkomycin, carzinophil in, and mitomycin), 
hormones (such as adrenocortical steroid, androgenic 
hormone, and female hormone) , and Por phyrin complex 
acids (such as Marphyrin (manufactured by Dai Ichi 
Seiyaku) ,. and copp) have been employed as a cancer 
chemotherapy agent . However, most of those agents are 
cytotoxic drug type substances and exhibit serious 
side effects. Therefore, the development of a 
carcinostatic agent being low toxic and having an 
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excellent anticancer action has been strongly 
desired . 

Therefore, the present inventors have searched 
substances being low toxic and having an excellent 
anticancer action, in view of the purpose in above, 
eagerly studied and found that the flavonoid or 
isoflavonoid compound having the general chemical 
formula previously shown has an induced 
differentiation activity to tumor cells of animals and 
exhibits an excellent anticancer action even though 
being low toxic, thereby having achieved the 
carcinostatic agent of the present invention. The 
active substance of the carcinostatic agent according 
to the present invention may be an excellent cancer 
chemotherapy agent to warm blooded animals such as 
human, domestic animals, canines, felines. 

Examples of flavonoids or isof lavonoids of the 
active ingredient according to the present invention 
may include the following chemical compounds. 

(1) Geni stein: 4 ' , 5, 7 - 1 rihydroxyisof lavone 

(2) Daidzein: 4 ' , 7 -di hydroxy isof lavone 

(3) Flavone 

(4) Fisetin: 3, 3', 4', 7 - tet rahydroxy flavone 

(5) Myricetin: 3,3' ,4' ,5,5' , 7 -hexahydroxyf lavone 

(6) Naringenin : 4 ' , 5 , 7 - trihydroxy flavone 

(7) Flavanone 

(8) Nobiletin: 3', 4', 5, 6, 7, 8 - hexamethoxy flavone 

(9) Qvercetinpen tame thy let her : 

3 , 3 ' , 4 , 5 , 5 ' -pentamethoxyf lavone 

(10) Irigenin: 3' , 5 , 7 -trihydroxy- 4' ,5' , 6-trimethoxy 

Isof lavone 
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Any of these chemical compounds are well known 
chemical compounds as shown in Table 1 and their 
chemical structures and physical properties are as 
follows (herein after, these chemical compounds are 
indicated by respective numerical numbers given in 
above ("chemical compound number").) 
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Table 1 



Chemical 
Compound 
No. 


Chemical Structure 


Physical Property 


Method for 
preparation 
(Literature) 


(1) 




Dendritic and needle 
crystal 
m. p. : 297 to 298 degrees C 
(slightly being decomposed) 


J. Pha-rm, Ghim, 
[9] 1,404 (1941) 


(2) 




Pale yellow colored prism 
crystal ; 
Being decomposed at a 
temperature of 315 to 323 
degrees C 


J. Chem. Soc. 1993, 
274 


(3) 


Q 


Colorless crystal 
m. p.: 99 to 100 degrees C 


Org. Syn. Coll. Vol. 
IV. 478 (1963) 


(4) 


.0 


Yellow colored needle 
crystal; being decoit^josed 
at 330 degrees C 


Ber. 37, 784 (1904) ; 
J. Chem. Soc. 129, 
2334 (1926) 


(5) 


OH 0 


Yellow colored needle 

crystal 
m. p.: 357 degrees C 


J. Chem. Soc. 127 181 
(1925) 


(6) 


OH 0 


Needle crystal 
m, p. : 251 degrees C 


Ber. 61, 2608 
(1928) ; ibid 75, 648 
(1942) 
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(7) 


n 

0 


Colorless needle crystal 
m, p.: 75 to 76 degrees C 


Boiling o- hydroxy 
benzalacetophenone 
by HCl or ethahol 


(8) 


OCM3 

OCH3 


Pale yellow colored crystal 
m. p. : 130 to 131 degrees C 


Proc. Indian Acad. 
Sci, 27A 217 - 22 
(1948) 


Table 1 (rest) 


Chemical 
Compound 
No. 


Chemical Structure 


Physical Property 


Method for 
preparation 
(Literature) 


(9) 


0CH3 


m. p. : 150 to 151 degrees 
C 


Proc. Indian Acad. 
Sci. 12A 495 - 497 
(1940) 


(10) 


OH ^>CH3 


Yellow colored dendritic 
crystal 
m. p, : 185 degrees C 


Tetrahedron 
Letters n, 5, 6 
(1960) ; J. Chem. 
Soc. (C) 1970, 1219 



The carcinostat ic agent according to the present 
invention may be administered in the form of any of 
an oral drug or a non oral drug. When the 
carcinostatic agent of the present invention is 
administered in the form of an oral drug, the drug may 
be administered in the form of soft or hard capsules 
or tablets, granules, fine grains, powdered drug, 
while when the present agent is administered in the 
form of a non oral drug, the drug may be administered 
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via a hypodermic injection, intravenous injection, 
intravenous drip in the form of water soluble 
suspension liquid or oiliness pharmaceutical 
formulation as well as administered in the form of 
pharmaceutical form of suppository for the continuous 
absorption as a solid or suspension viscous liquid 
through a mucous membrane. 

In order to prepare pharmaceutical preparations 
such as surfactants, diluting agent, lubricant, 
pharmaceutic adjuvant, and enteric formulation by the 
active substance according to the present invention, 
the preparation may be appropriately performed with 
pharmaceutically acceptable dermatoplasty substances 
and coating auxiliaries. A specific example thereof 
is as follows. 

To make easier to degrade and elute the 
composition according to the present invention, one 
or two or more of surfactants, alcohols, esters, 
polyethylene glycol derivatives, fatty acid esters of 
sorbitan and sulfated fatty acid alcohols may be added 
to the composition. 

Moreover, one or two or more of, for example, 
lactose, starch, crystalline cellulose, mannite, 
light silicic acid anhydride magnesium aluminate, 
magnesium aluminate metasilicate, synthetic aluminum 
silicate, calcium carbonate, sodium hydrogen 
carbonate, calcium hydrogen phosphate, carboxymethyl 
cellulose calcium in combination may be added to the 
composition of the present invention as a diluting 
agent . 

On or two or more of, for example, magnesium 
stearate, talc, hydrogenated oil may be added as a 
lubricant to the composition. Moreover, the 



- 9 - 



composition of the present invention may contain a 
flavor improvement and a smell improvement such as 
salt, saccharin, saccharide, orange oil, licorice 
extra, citric acid, sweetening agent such aa glucose, 
menthol, oil of eucalyptus, and malic acid, flavoring 
agents, coloring agents, and food preservatives. 

Examples of pharmaceutic adjuvant such as 
suspending agent and wetting agent include, for 
example, coconut oil, olive oil, sesame oil, peanut 
oil, calcium lactate, safflower oil, soy bean 
phospholipids and those may be contained in the 
composition of the present invention. 

Moreover, examples of coating substances include 
cellulose acetate phthalate (CAP) as a derivative of 
hydrocarbon such as cellulose and saccharides, methyl 
acrylate - methacrylate copolymer and methyl 
methacrylate - methacrylate copolymer as a polyvinyl 
derivative of copolymers of acrylates, dihydric acid 
monoesters and the like. 

When the above mentioned coating substance is 
subjected to coating, it is possible to make the 
properties of the coating agent improved and to make 
the coating operation easier by adding thereto a 
conventionally used coating auxiliary, for example, 
a plasticizer as well as other additives to prevent 
adhesions between drugs at the coating operation. In 
addition to the above, the composition of the present 
invention may be in the form of a pharmaceutical form 
of a mixture with a diluting agent after the formation 
of the effective substance into a microcapsule with 
the use of the coating substance in above. 

Especially representative compounding ratio in 
such a pharmaceutic agent is as follows. 
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Especially preferred 
range 


Effective substance 


0 . 1 to 90 % by wt . 


0.3 to 15 % by wt. 


Diluting agent 


10 to 99 . 8 % by wt . 


8.5 to 88 . 4 % by wt . 


Lubricant 


0 to 50 % by wt. 


0 to 20 % by wt. 


Surfactant 


0 to 50 % by wt. 


0 to 20 % by wt. 


Coating substance 


0 . 1 to 50 % by wt . 


0.3 to 20 % by wt. 



Especially preferred examples of diluting agents 
are lactose, crystalline cellulose and carboxymethyl 
cellulose calcium. 



The amount of dosage is enough to effectively 
treat a target tumor and though it depends on symptom 
of tumor, administrating path, pharmaceutic form and 
so on, in general, when it is oral administration, 
approximately 0.01 to 100 mg / kg (body weight) per 
a day for an adult (f or a child, 0.01 to 60 mg / kg 
(body weight ))' with the preferred upper limit is 
approximately 50 mg / kg (body weight), more 
preferably approximately 10 mg / kg (body weight) . 
When it is non oral administration, it is appropriate 
for the dosage that the preferred upper limit is 
approximately 10 mg / kg (body weight), more 
preferably 5 mg / kg (body weight) , the most preferably 
2 mg / kg (body weight) . 

Next, the tests for verifying the carcinostat ic 
properties of the chemical compound according to the 
present invention will be described. 
[1] Test to Friend leukemia cell (mouse erythroid 
leukemia cell, B8 cell) 

B8 cells were inoculated into HAM F - 12 culture 
medium, manufactured by GIBCO containing 15 % of a 
serum of a cattle embryo and 60 mg / 1 of kanamycin, 
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so as to obtain 25 X lo* cells / ml. Then, the 
predetermined amount of each chemical compound to be 
tested was added thereto (final content of 5 ml) . 

After the medium was cultured at 37 degrees C for 
7 days in 7.5 % of CO2, the cells were stained by 
benzidine staining technique of Orkin and the number 
of stained cells, that is, the number of cells which 
were differentiated into red cells and became to 
generate hemoglobin were measured to obtain the rate 
of induced differentiation. 
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Number of stained cells 

Rate of induced di f f ent iat ion = — x loO 

Number of total cells 



[2] Test to Mouse myeloid leukemia cell (mouse myeloid 
leukemia cell, M /) 

M / cells were inoculated into Eagle MEM culture 
medium, manufactured by GIBCO containing 10 % of a 
serum of a horse and 60 mg / 1 of kanamycin, so as to 
obtain 5.0 X lo* cells / ml. Then, the predetermined 
amount of each chemical compound to be tested was added 
thereto (final content of 5 ml) . 

After the medium was cultured at 37 degrees C for 
7 days in 7.5 % of CO2, the lysozyme activity induced 
by the differentiation into macrophage or granulocyte 
were studied. One unit of lysozyme activity means the 
amount of the lysozyme with which the absorbency of 
the wave length of 450 nm is degreased by 0.001 every 
minute when determined at pH 6.24 and the temperature 
of 25 degrees C after the activation of the lysozyme 
with a suspension liquid of Micrococcus lysodeikt icus 
bacterial cells as a matrix. 
[3] Test to Mouse tetratocarcinoma (mouse 
t et ratocarcinoma) 

The mouse in which tetratomacarcinoma cells were 
transplanted from a part of peritoneal cavity to 
another part of peritoneal cavity and left for one 
month was used. The teratomacarcinoma cells were 
presented as a cell aggregation of embroid body in the 
peritoneal cavity which looks like an embryo in the 
early stage and used them without any treatment such 
as trypsinization. The embroid body obtained by the 
natural precipitation in the peritoneal effusion 
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collected was washed with Dulbecco's Modified Medium 
or Hanks' solution three times. Then, the cells were 
inoculated into a culture medium containing 10 % of 
a serum of a cattle embryo. And the predetermined 
amount of each chemical compound of the present 
invention was added to the cells and cultured for one 
week in the air saturated by water vapor containing 
7.5 to 8 % of CO2 at 37 degrees C. The embroid body 
obtained by centrifugal separation (2,000 r.p.m. for 
10 min.) was washed with 0.86 % of NaCl solution, and 
naphthol AS - MX phosphate and diazo reagent (Fast 
Violet B Salt) were added thereto. The mixture was 
left at a room temperature for one hour. Then, the 
embroid body is separated from the mixture by 
centrifugal separation (2,000 r.p.m. for 10 min.) and 
ethanol is added thereto and left at a room temperature 
for one hour (undifferentiated cells were colored by 
red) . 

The absorbency of the resulting embroid body is 
determined at the wave length of 535 nm to obtain an 
activity of alkaline phosphatase (the degree of 
induced differentiation) . 

The case of the addition of 5 mM of hexamethylene 
bis acetamide (HMBA) is indicated by (no 
exhibition of activity of alkaline phosphatase) , the 
case of the addition of no HMBA is indicated by 
(extremely strong exhibition of activity of alkaline 
phosphatase) for the indication of the degree of 
induced differentiation. 

++: no exhibition of activity of alkaline phosphatase 
+: almost no exhibition of activity of alkaline 
phosphatase 

+: slight exhibition of activity of alkaline 
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phosphatase 

-: strong exhibition of activity of alkaline 
phosphatase 

--: extremely strong exhibition of activity of 
alkaline 

phosphatase 

Furthermore, in the following test examples, 
carcinostat ic activities were shown by induced 
differentiation activities. 

The present invention will specifically be 
explained by examples of pharmaceutical preparations 
and test ecamples. 

Pharmaceutical preparation Example 1 (injection, 
drop) 

Into a vial, 5 g of powdered glucose was dispensed 
in the germfree condition so as to contain 10 mg of 
Chemical Compound (1) and sealed and stored in a cool 
and dark space after inert gas such as nitrogen gas 
or helium gas was introduced thereinto. Before the 
use, the pharmaceutical preparation was dissolved 
into ethanol and 100 ml of 0.85 % saline was added to 
the dissolved preparation to provide injection. 10 
to 100 ml of the injection depending on the symptom 
is administered per day via an intravenous injection 
or intravenous drip. 

Pharmaceutical preparation Example 2 (injection, 
drop) 

An intravenous injection for mild was prepared 
with 2 mg of Chemical Compound (2) by the same method 
of Pharmaceutical preparation Example 1. 10 to 100 
ml of the injection depending on the symptom is 
administered per day via an intravenous injection or 
intravenous drip. 
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Pharmaceutical preparation Example 3 (enteric capsule 
formulation) 

Each of 5 g of Chemical Compound (3), 2.46 g of 
lactose, and 0.04 g of hydroxypropyl cellulose were 
well mixed and formed into granular in a conventional 
method. The granular is well dried and sieved to 
prepare granule suitable for jar package or heat seal 
package. Next, 0.5 g of cellulose acetate phthalate 
and 0.5 g of hydroxypropyl methylcellulose phthalate 
are dissolved to prepare coating base material, and 
the obtained coating base material is coated to the 
above granule with floating and flowing to provide 
enteric granule. Then, the resulting composition is 
filled into capsules to give 100 enteric capsules. 
Test Example 

Each Chemical Compound shown in Table 1 was used 
to study the rate of induced differentiation of Friend 
leukemia cell, the lysozyme activity by induced 
differentiation of mouse myeloid leukemia cell, and 
the degree of induced differentiation of Mouse 
tetratocarcinoma by the above described test methods 
[1] , [2] and [3] and obtained the results shown in Table 
2, Table 3, and Table 4, respectively. 
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As obvious from the results in the above 
described tests, every flavonoids and isof lavonoids 
of according to the present invention exhibits 
differentiation derivation activities to a normal 
cell against cancer cell, thereby proving the present 
invention provides a low toxic and excellent 
carcinostat ic activity. 

Patent applicant: RIKEN (Rikagaku Kenkusho) 

Amendment (form) 

December 5, 1980 

To Commissioner of Patent Office 

1. Indication of Case: Patent Application No. 
S57-157103 

2. Title of the Invention: Carcinostat ic Agent 

3 . Amended by ; 

Patent Applicant 

Name: (679) RIKEN (Rikagaku Kenkusho) 

4. Attorney 

Address: 3-1, 3 chome, Marunouchi , Chiyoda ku, 
Tokyo 

(Tel: 211-8741 (the pilot number)) 
Name: (5995) Patent Attorney: NAKAMURA, Minoru 
(seal) 

5. Date of Amendment Order: November 30, 1980 

6. Subject of Amendment: Specification 

7. Contents of Amendment: as given on the appendix 

Make a clean copy of the specification (no 
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Amendment (form) 

October 8, 1980 

To Commissioner of Patent Office, Mr. WAKASUGI , Kazuo 

1. Indication of Case: Patent Application No. 
S57-157103 

2. Title of the Invention: Carcinostat ic Agent 

3 . Amended by; 

Patent Applicant 

Name: (679) RIKEN (Rikagaku Kenkusho) 

4 . Attorney 

Address: 3-1, 3 chome, Marunouchi , Chiyoda ku, 
Tokyo 

(Tel: 211-8741 (the pilot number)) 
Name: (5995) Patent Attorney: NAKAMURA, Minoru 
(seal ) 

5. Date of Amendment Order: voluntary 
6 . 

7. Subject of Amendment: the column of detailed 
description of the invention in the specification 

8. Contents of the amendment: 

Correct the chemical structure of Chemical Compound 
(9) in Table 7 in page 7 of the specification as 
follows. 
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^<-7-f-v^-(7y h-TV ( Whatman )GP/lt) 

Ji(c«to, y ^ ^ -itni^^ y ^ ^ - y 

C'H] ^ 5 X ( Thymidine ) O^0a^%fill5£ 

o.£04^--:^y^:/)&;:j^^-f^,t P81S«iJS"C 

1 0 ^ft/ai ai ft XMt P8l5ffi|a, EL-4iBBJat 

m 



WraB3Gl-2/|6124 (2) 
M I ^K^b ix^ X 'i K y ^ ^ ^ y\it 

WP815|fflja4fcltWEL-4fl|ia:fc2%0 
5 6r30^WI^«<ttoffi1-teiS]fliff ( 7 a- 
? iK 9 h y - X (Plmr Laboratories) tfc Jj ) t 
8 0 /*g/»i^ y ^ 4 i/ (Xy-fe^Jl 0 ^^CftWJS) 

"^fi^jEn U/c RPMI 1640 ( B:4^7K!t9«Sl) 

iCJBfflU. ftiK«SJaft£^2xio*i^ fi/o^ 2: 

2oo/<*/!>*-vA*t, ^^'-j^^'^ ykm^^mSL 
d^. jbs^i^ln, i/ifl/az, 3 /(g/oZ ^ J: 1 0 /ig/n; 

Ktl^X'^KlByti^o toru-h*37t: 
;j- - 5^ o >f 4. - S 0^ % O ^tb O if 

(a) ^ 9 ^ /i^^ *3fe(Src PpSO*") 

(b) t h ±A&ffifflJBitt«B^g^i*: ( EOF 
l^-feT'^-, A4 31«HJS)^o4'i^'»«&5 

(t) ;f = «a c>f ^j^ijfeCfe. a^^, ppiio'-) 

(d) c-AMPtR^ttrof^-fX^T^-H/ 

(e) * X ut y ^ - -fef ^ - -tr 

(g) Na*, K*-ATPa.. 

(h) 5' - U 5h ^ - -tf 

O 4) , (a) - (c) ft « » ^ 6 3fe O ^ B -X X 
iR«yi^K<fc»«-CibO, (d)(e)ft -t y 

^ 4 yKx:i>Lixb<off^m^m.± 
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(xA, Jt^.auyi^, 7 — XA'- 

xij^yi^rT'py-T'^ v > it-f * it* 

VX»;i-:/»ir.3L-xxx-75* 2021- 
2024 H 1 978 ) 

-'^ 7 T - [ 0.5 9& NP4 0, 0,1% U r H ^ A 
( lodittm dcoxychoUta ) . SOmU 
h y -tt^K (Trlt-HCI ) pH 7.2, ImM 7 

(phtajd methyl •ulfonyl f luorlde } ( PMS F OiS 
MN.C1] 4:10 jL, 01030 ^W&«t?» t fc 

lcJ:0^e<fc-r5o Cix^io^xg 20^ 
Ni^Kt-r i> c tK X mc±mK, RSV4r 

c^-f-* y - , x/^.^^y^; 

^hV- 255«, 4834-4842S 19804^ 

t^m ) 

EGFu •fe7'^-'k#l»C#trC tOfelt> 
KXV^^t: h±^1£fi«l3(A4 3I fiSia) 

50Ai(|>>C, 20inM Plpef-N*OH pH 7.2, 10 
nMMgCla, BmMMnCit, ImM DTT, lO/iMCr- 
**P] ATP (2mC|/iiinol ), A431 ^ £3 ffl £3 R 

( ^>"<^«lO/ig)2ltf4'-J^-?->f x^r-g- 

R;Bflai%8%i»?UT^y/^T5 

tX, ^-T-* 17:3?0 ECF H£><^-Oy 

» A431 as33»^^ o«3i^KnMi^ 
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«rfaBa61-24G124 (3) 
^ZuA-OX^-cso^-i^M^ 
L, pp60*" tttfl=%R^5$-tir6o ^fiEtt^ 
^%::/p^?->{ :^A-*7tp-X 4B(proteln 
A - Sepharoie - 4B)( 7 r^^i^TttW ) t 

tB^t5£:t*cJ:0*«>t:ir-bRiPA-<,7 
T--ca5o f*e>nfc pp60 a 

^>fxA--fe7TB-X4Btl^<*ifc, 20 
raM Plpet -NtOH pH 7.2, 5 mHMgC It , IniM 
DTT, 10/»M [r -~P] ATP (2inCI/niB0l )t|> X- 
SOrs^MKJoUXT'nf^'^ y ^i'-'^BL 
IS * fr o a SDS ^tr £ ;B «f iL tt 4: 2in ^ , 
3 U RR;*±i<)^o RI5«%8% 

SDs - # y T ^ y -ft' T 5 Ky>wx«»attt 

t pp6 0"* 0»tltg4:aE{*:w^w-i/ 

(b) th±fittt«ffla«i«B^s©fr(ECP 

i^-t:^^-, A4 3l«iffi|)^PVV«AW 

7%4^B&3ejfliW(4f7^ = tt»)%:'&tj^ 
VI.-.: , 3 ^OMEM ( B^Jf^immSi )lSi6X 
iS« U A 431 ifflfla4:lfe4C>, 3-xye,0 

^teC-s^^XV-^.a-xy, fco^. 
» A' 5 ^ h t; - 25 7 « 1523-1531 

M 1 982 ^^fi^ )(C X 0 fia&s/h£a«rnfi 

(e) * 3 « i'-f -rt-xri^jfc (fe. ite^, PP no'") 

{T-A'.x-.7*/i'K-^y. f-f"- 
-'^^7-r, X:,^.-'s:^r'!f';-feA' 22^ 
757--765 K 1980 ) 

A ufc ? y h 3YiiWia, Rxf^omi^^m 

iH:«v*X, pp6 0*"O«^i:H«llUX 
ftffittP^U/c ppllo'-OT'nf-^ 

i4 ^fc iBil S U o 



( (Slgiw) ttJJ ) % 50mM Hepei - 

N»OH pH 7.5, lOmMMffCI, , 4AM[r-«P]ATP 
( ZmCl/ninol ) 6 qg/of t h V typt HA 

'^ ^^-d-trS^SM 50/11 <fx-3ot;5^ 

MRJSLfco 2x2 

PSliC^rffyhUr niK4:50roMNaCl f 

SO^i <|> *C 4 0inM \ i; - tags (Trie -HCl ) 
pH7.4, 100/iMC»Cl,, imM DTT, lOmMMgCl,, 
10 AM C r-«P] ATP. (2mCl/mnol ), 10/(« * 
— -tfb ( phosphoryUae - b ) ( */ {t ^ 



J5B3B861-246124 (4) 

-tf ( phosphoryUsfl kinaao ^ { ^ v *^ P ^ ) 
J5tt%30r5^WfilGa. SDS:fct'tfK 

J5flfjhiK'S:Jtn;tioot;-e2^M5«tilPURi5 
% t i6 o * ^ * 9 ^ - b o y X <fc ft 

i/ ■ X * !> -x-fllJSt C ifc J: OS 

5 0/*i e*' IC, 5 0mM ^ V - ifi » (Tn - 
HCl ) pH 7.5, SmMMgCl,, 0.8 mM EDTA,0.02inM 
DTT, 5dM e - AMP (i^^^ttJ8),$rX/6 

SiStt'Sr 371C30 ^MRiS-f^o 

10%TCA tsO/ciUn^-CRIS'lrtaC), 
5,000 rpm 10 * M jS /(j L X»fc±» QO^fJir 



lf»;jc350Atf, 2.5%^yrrxse7x*- 
i>^'ir^tr5N-5SR3ic?&?9t5 0Mi 'Srlp^ 
20^iyj&ttft, 66OniB<ORltftt»03S^ 
* C t fC X 0 5£ft U fco 
K%) N»*, K* - AT Paae ® ft O Iffil jg ffi 

50/ti(|JfC, SOraMhyA-JfiBt (Trl«- 
HCI) pH 7.5, eOmMNaCI, 25niMKCl, 2niM 
MgCl, , O.lroMEDTA, SmMATP, >f fiil I 

9 W ft L N»*, K* - ATP «ae ( ^ X X J| 
560 ng) KXS^ ^ ^ ^ ^ iS B^V^W^^ 

3 7lC30»HSl5a,*-:^*-:^xj^^9-4/ 

0 N»*, K* - A T P ».e O ES « 

K*-ATPfts« *7A9P>035ffi 

1 t 9 -U 7 , A- ^ P , ^ \ - i- 
:*7'-'«>f^^$j^hy-.87^ 1327-1333 
H 1 9 80 ^i&R8 ) ^ If (outer 
meduHs ) ^ 5 OmM -f 5 ^ y — >v pH 7,4, 0.25 



M.^^p-j«, ImM EDTA, O.lmM ATPife-^ 
tS^^pyr-^-Oifi^} hDX( polytron ) 
( * * 7 ^ * (Klnenutlea ) tt » ) X' Itt 

(h) 5'-Jt^U;«-^^-.4/g^4oiSllS& 

5 0/ii (fi |C SSmM Y M - ifi « (Tria-HCl) 
pH 8.5, 5.5raMMgCI, , l.lmMATP, lOraM M 

^^^tfKlCKt, 37lC3d9'Mfii5 

^ IDnC/tg/oZ) 
(•) pp60« 3<P y-f + q.B 

(b) EOF H::;/^-yp9--f x^:^-^/ 0.7 
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(d) c-AMPtS?ftt^P r< >100 

(t)*^*t;9--tf4^^--tf >ioo 

(f) * ^ 9 - ^^ >ioo 

(ff) M»*, K*-ATP>» >10 0 

(h) >100 

® C57BL/6 ^ ;^ ^^r^jt-y-^x 
J:E 1Si%t^U1^n^±.^m, DNA Q|ji:f^ 



1$BIIB3B1-246124 (6) 
Eihf^fflOKtt»« J: 0 . 4^ ^ 5^ ^ i'^t-r 
X, iftff«AlBSO, 200-1.000B«X-fc 0 , 

^b*j^7t«K, \i V ^ ^ :^'f y , y£ y ^ 

^i^;^, ^ it i3 A^'^ ^ ^ ^ ^ y t *yYi/yT 
9 \£ / i/ V, y 9 'f' y f y P ^ J ^ ^y 



0.00 1 - 1 0 8 & jfti a ^ t A o 

ft, 9 ^ y , 3D-fK'/y*. JS^&»•e^ 



* vyuiWffc ^ X i J: < . c*i.^na«o:)5 
fflfi^'toi: u -cams n. as^tutJt, a 
\] a ^ A., 9 y ^) y , f> fj jtm, ^ 7- r 1/ 

(1) » 1 HH). [o)is Xxfk^\t^ - ^ y ^ 
BBV-3yiifflfi, A 431fflffill« JC 8V40- 

sYifflfiajcwf ?» nffia jtf^ffl 

(2) »2aH^-Jt5^>(X<OP815*IJClfEL- 
4 raS»C«-f 2tDNA^&jaBjkftffl%355-rc 
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9 I Bl M) 




9 I B (□) 



r:x ny« A43I aei: tr aricf^w 




1.ffi3B361"24G124 (6) 
1 H f^M 




2 




(it;)EL-4 «K 

(=)P8i9 m n 



LO 31) 10.0 



^ tt »r IE ff(SA> 



i$tF;T*ft^ £ A 9 » 

1. n^if^o mm 

2. A ^ O £ 1^ 

. S ft (6 6 7) tli;tf^6Ktt3Cdti 

ftfi« a n is 

4. ft a A 

tt 3i Tl7 4 5!a«««K/JxSRlTai*8^ 
ft S (8094) 0 Sf f;? (fAlS) 





-180- 



»Prf|II361"24G124 (7) 

<i) mtBmw^ntssztf r - <t>> j * r - 

(2) q«|llIffJfr8HJff3ff rs rcJ fo r cJ t:friE+ 

C3> ^mm7n2^f^ rsrcj&«&«^ rsrcjicirjE 
t«. 

(5> ^tiiifiS!r8K7ff rafij rmj u:friE'^&. 

(6) ^HT«>&»i^. roaftj riafij cir£i- 

(7) ^lasAioKstT. risftj rasj icrrE 

(8) ^iiBismi iji3if% rsgfij rssj izfTiEt 

(9) SMmiOff FKlCL/i:. J « TSJCd^ft. J tc rp)£J 

( 1 o> ^nmi iff ratfj « rsttj t^rriEte. 

(11) RKW 1 1 ff n?j 

(12) p«iffmi 3M1 ofr r«ftj « rmj tcrriE're. 

(13) i!qtiBtti4?i ift rs^rsiJ « rso^iQj t=rrjE^&. 
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SPECIFICATIONS 



1, Title of the lavcntioxx 
Caicbostattc Agent 



5 



2.ClaiiDS 

A camnostatic ageot whose aoivc principle is 5 7 .4'^ydn«yisoflavonc feenifleiid 

V. 3. DetailcdDescription of the Invention 
Applicabk fidd of indastx7 

This mvcndon itkes to a cardnostatic agent whose active principle is SJA'^ 
15 trihy<iroJcyisoflw 
foimula 



^ , a known eomp<mn4 recorded iaWSl on page 3447 of (he 



20 Prior^tt 
Geaistein is i 

. chemial Sodety. AoonEng to this article, geniaein is a compound separated ftom a type 
of clover fjri/o&m subterranem L). and is Kported to bve a weak oestiogen eficct 
However, absolutely no caremostatic action is repotted. 

Actios and c£fectt of the present ioveodon 

The inventors of the present invemienrecogniiedasubsunce in the feri^^ 
of niicroorganisais belonging to the Pseudamm genus isolated from soil as having 



eardnostaik actim aji4 as a renk rffurtJ 

lb wbwnee w genirton, and peif eeted the pK^ 

Tlie following deseribei the caicmoaaw pr^^ 
5 present inTcniion. 

^Tumour ceBpropapdcminhibhing action andDNAq^^ 

Hie caicinwtatic pnpoties of f eniadn were invtsdgaed through the following 
^n,^tc nn tl« mhAMflii of thc prowqtion and inhibition of the tymhesis of DNA 



10 



15 



70 



in 



(s) Tests on inhibiting propagjttion of m cells uansfonned with RousT tarcoma 

Tiros PISV.3Y1) 
(b) Testsoniab1>hingproi»emoaofhnnanepidennaleai^ 

Te$tsoninhihitin6propg«ati<mofmcdbtransfoim«dvith.SV40 v^ 

JYlceDs) 

(ii Tests on inhibitiag ^ytthesit of DNA in mouse nust cell taidnomas (PSlS.edl^ 
(e) Tests oo inUbiting lyathetis of DNA n nouse thymuses cieUs) 

fiyt innhndi and TKmhs of tCStS 

Tie tesu (b) and (c) above were perfonned in the following inanner. 

M Hie RSV.3Y1 cells (4, A341 cells C>) and SV4(^3Yl cells (c) were cultured m DaUmo 
MEM (manufactured by Nippon Suisan KK) cooiaining 2% calf embryo teram 
(oanufactund by Gibco) and varying concentrations of genistein. Four le»eb of g^oistein 
concentration were employed: none added, 1 |ig/nil. J Hg/»I and 10 |ig/ml. Hie munben 
of lire eelb per dish were counted by means of Tiypan Bh« after the first, second, third 

.30 andfbnithda7S.TheresuhsaresetoutinFiggrel(4to(b). 



10 



IS 



20 



As can be «a iiom FigflW 1, gwiaoa wai fou^ 
propagfobn Iweb of addhioa <rf torn 1 pg/«l to 3 w/ail and 

aUp«Vigaibnw»veiy«rongtfalevd<rfato 
Tie methwb of MSB (d) and (e) above we as followl 

pgl5 cdls (d) and EW cells (e) wen suspended in RPM 1640 culniie (nunutonied by 

Nippon Suisan KK) to whieb 2% 56" C 30 minute inamvaied calf embryo serum 

(Buanfactaied by How Laboratories) and 80 Hj/ml gemamjrdn {Manufactured by Essex 

O^KK) bad been addeiandafinalceU count of2xlO»«lls/ml was 

per w«n of tbe eel! suspension solution was placed in a 96 well fkiased miaopkc 

(maiuiEtttuied by Sumitomo Bakeliie), and genistein was added in the following 

concentrations: none, I re^ml.3 mg/mland lOiig/mL Tie plate was cultuied for 24 boon 

in a 3r C .5% CO, culturt system, whereupon 0.1 |iCi/weU of pH] Tbymidine 

(BBnufiKturedby AmersbamffapirO no wasadd^andtbe sohaw^ 

foither 18 hours. The cells in each well were collected hy glass fibre filter (Whatraan 

GF/q . and the fihen were dried and placed in scimilbaion vials, to^ 

adde4 and the nptake by Tlqanidint was measuitd by me^ 

counter. The results are set out in Figure 2. 

As can be seen from Figure 2, when 3 w/ml of genistein was present in the culture 
whmon, the uptake of Thymidine by the P815 cells was restricted to approximately 50%, 
while at a level of 10 pg/nil the uptake of Thymidine by the P815 and also EW cel^ 
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t Inhibitiiig action against tyioanfr^ecific phosphoiylase 



foUowmg three types of tyiosin«pecific protein kinase (a to c). two types of serine and . 
threonine proteb idnase (d and e) and odier csixyma 

. (jJTyxosinc^ccificphoqjhoiyhw derived from monscc^^ 

5 Pp60 

(b) Human epidermal cardnoma cdl propagation fictor receptor ^GF iecq«or» 

A431 cel9 TxodnMpcdficphosphorjdase 

(c) Tyrosine^pecific phosphoryhse derncd &om cat cardnoma virus (fes gene, 

. ppllO^ 
10 (d)c-AMPdq>endem protein kinase 

(e) Phosphorylase kinase 
3 Phosphodiestmse 
0Na\K^ATPase 
0:) 5 -nucleotidase 

15 

Of these, (;0 to (c) related to tyrosine^pedfic phoq;>hoiylasc derivd 
and ((9 and (e) to serine and threonine protein kinase. 

The mcdiod of measoimem of the inhibiting action of genistem 
20 these;, and the results of such rneasnrements» an shown bdow. 

M'ftl^odofmeMiirement 

Method of mcasuremem of actiyiry of tynmnMpedfic phosphorylase derived from 
Rous' sarcoma virus (Src gene ppWT) (see US. CoUct and RJL EUigsom Procsdmp of 
25 tbellttwrudAcademyifSc^ 

3Y1 cdls ProbUsis derived bom rat embryo kidney) transformed by Rous' sarcoma 
virus (RSV) are grown, and after washing with RIPA buffer (Oi% NP40, 0.1% sodwm 
deoxydiolaic, 50 mM Tri^HQ pH 7^ I mM phenyhncthyl sulphonyl fluoride 
30 . (pMSI0,OJ5MNaC0 is added, and the celb arc solubiliiy 



0 

for 30 mmutts V C Tils a 6«riM «w 20 inmutei at 1^^ 
InoadaedwithBSV.aatisenffliotoinedftoia.e^^ rabbin ii added and 
the miaufe if iiicBbatd for from 30 mmuw tt 

ffitihAiK^ a« taaed toetther. The iamunc complg is conceotwwd by camg with 
piotem A-Sq>han»e-»B (aunufaaured by Phamuda) and is dien washed in RIPA 
bafier. Hie ppM^^itibody prttein A-Sepharwe^B compla so fonntd teaco farS 
Bunotes at ao* Cm20 iiiMPip«^NaOHi«7J, 5 oMMgCt 
[y-"Pl ATP (I mCi/mmol), lie protein kinase itattioa is performed, wherei^n a 
reaction hatdngiohnion containing SI^ is added, the mixture is boiled for 3 minntes 
and the teactioB IS yced The reaction tolotioa is subjected to electtop^ 
SIXSfolyactylamtde gel, and after aotoradipgr^, die radiation fiwm the pp6ff" is 
monitd by mw" f ftf a \vp'i frr*^'^* enimter, and the phosphorylaiion reaction is 
quantifiei 

(b) Method of measaiment of activi^ of tyroilnMpecific phosphorylaie from bunas 
eptdennal carcinoma cdl prolifotation £ictor receptor ^GF recqnor, A431 cdl) ^ S. 
Komm G. Caipenter, and L Xing: Jomud <^ Moped Chemistry, vol 255. pp.4834- 
3842(1980)) 

Cell meobianes prepared from boan epidetnul carcinoma cells (A431 cdls) that ait 
known to cpntain large nunbers (rfEGF receptors are used as the en^me source. A 
reaction soktion containing genistein, 20 nM Pipesl<IaOH pH 7.2, 10 mM MgCli, 3 
mM MnCt 1 mM DTT, lOjiM &^"P) AT? (2mCi/mn»oO and A431 cell membrane 
t«otdn content 10 is ttUowed to react together in 50 |U for 5 minuteii wherei^on 

'the reaaion is baked, whereupon die readioa toktion is subjected to cleoiopboresis 
. with 8% SDS^wfyaexylamkb gel, and after analysis by autotadio^ 

ntepuas of molecular we«bt of 170,000 were examined for the presence of 
phoiphotylation. TTie EGF receptors were further isolated, and the tadiatien was 
measured by liquid seintiilation counter, and the extent of phosphorylation was 
measured. 
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• MetkodofpRpaiadmofceUiDttibnncsfro^ 

A431 db propacoed in i)>(IieKD MEM (mumbcud hf Nippoo Smsaa 
TO nr^inme wt. faAoyo seom (nniBifaaiiltd by Gibco) were collecied, and cdl 
membnne foUide* weit ftqwcd by die mediod of Rowea et aL (See Stanly 
Bowen. Huothi Uthuo. Krista Stotidc and Midad Cingtf: Joimd tf Bkkged 
awmtf7, vol 257, PP.152J-1531 (19K)). 

(c) Mediod of mtasuremeni of acdvityol^wiiiMpe^ 
yii«^8eB^ppllO*5(SeeILA.F«ldnM«,T.HanatoandttI^^ 

ppJ57*765(1980)) 

R« 3 Yl oelk oansfonned iridi c« wcona vinis and theK oeU^ 

scram bom eanccfbcanng Fidier rats was oscdi and die protein knase of unnnne 

picqmated ppllO*" was ineacuied after die anie nai^ 



(d)Mdiodofin«tameittofaedyit7of«yi^ 

e.AMP.<l«pmfcmim«da kinase pr^ 
(oadacwed by SiH fo' 5 miiww at »• C m 

containing 50 n>M H«p»NaOH pH 7.5. 10 mM MgCt 4 pM [r^*] ATP (2 

mCi/inmo$, 6 fflg/nd hiflone type nA (nanufacn^ 

genisuin. tbii was ipotted (tttto 2 X 2 m maman fiha^^ 

was rinsed four tiines for 5 fflimm on each occasba m 50^^ 

rinsed again with acetone, and tbe radiation was measured by means of a liqoid 

{ciadllation ooonter. 

Methodofnteasurefflentofpbo^boiyfase^inateacrivity 

40inMtri>HapH7.4.100MmCaCtlmMDTr.lOiiMMga.ilOMMtT^ATP 
(2 mO/fflmoO. 10 |ig phosphoxylaseb (manufactured by Sigma), rabbit masele 
pbospfaorybse kinase (proieia content 2 vd (manufactured by Sigm^ and gfnistein 
were teacudtogctiier in a50 id wacdon Mludon for 5 minutes a 30» C, whereupon a 

nacdon hak solution containing SDS was added, and the sohitbn was boiled for 2 
minutes at W C to hak the teaoion. Tlie phoqAoiylation of the phosphory^ 
neasttied by 8% SDSialyaaylamide gfl dectrophoicsis - autoradiography of the 
raaion sohmon, followed by measurement of the separated phosphoiylase* by means 
of a liquid scinnUatioa couiiter. 

(15 Measuremeatoftheaciiviqrafphosphodiestetase 

50mMtri^HapH7A^IIMMgft.0.8^iMEDTA.0.02mMInT.5«M^AMP 
(amnfactuied by Sigm:}, cow heart phosphodiesieiase (protein content 10 
(manufactued by Sigma) and genistein in 50 |U in « reaction sohmon were itacied for 
30 minutes at 37<*C. 



50 III <rf 10% TCA wai aiUed and Ae iwtkm was baked, ^ 
for 10 nrimiiei at 5,000 ipm and W iJ of the wpoxutt^ 
phosphonis.TTieph(wplK»nBedwirrtaenonwainieajM 
.the addition to the supenutani solmion of 3 |d of 1% Tntw X-IOO. 350 id of diitilW 
5 wawand50|Jof5Naqueo«wIphuricacideontai«aiig2i%atnTO 
and allowing to stand for 20 mioutei. 

» 

McasurcmcDt of thcacthriq? of K* Tp^ 

10 Na^K*Tpasc was prepared by the iMihod of Ka^ 

and Nagano: foumd of Biochemistry, vol 87, pp J327-D33 (19«9): Tht outer medulla 
of dc^ kidney was grooad in a bufier containing 50 inM imidarolc pH 7 A 005 M 
sucrose, 1 niM EDTA, and QA naM ATP by pdlytron (maou&ctnied by Kinmatir a ) 
and then wasuhraccntrifaged to pnmdc a mioosome fraction that was enracted by 

15 meansofSDS. 



(10 Measorementof tbactiviqrof SMnideotidase 

A reaction solutbn containing 55 mM tris-HO pH 85, 5 J niM MgO,-, 1 .1 mM ATP. 
10 oM potassium sodium tartrate, S'-iiudeoiidase (snake venom) (manuEKiured by 
Sigma} and genistcin was reacted in 50 id for 3 minutes a^ 
levels of the reaction prodna were measured in the same manner as for 



20 



25 Rcsuhs 

Inhibiting actbn of genistein In relaticn to various enzymes 



Enzyme lDtt(Mg^g>P 

(a) pp60" protein kinase 0-8 

(b) EOF lecqrtorprotem kinase OJ 

(c) ppllC^ protein kinase 6.5 
fd> frAMP dependent protein >100 



10 

kinase 

(e) Phosphoryhse Usase > 100 

I^Fhospliodiectense * >100 

i^WX-Amst >100 

>100 



IDs; Levd ac which 50% inhibmoo occon 

As is dear from the above results, genistao has a spedGcally iohibmug aobn against 
lyrostae^spedfic phosphotyhse demed 6o 

S 

1y^>sill^speci^ic phosphoiylase is believed to contribote to the propagation of cardnoma 
cells, and hence the recognidon of a specific inhibiting effect against the action of this 
, . .engine is the badigpund to the caicinostaticeff^ 

10 -^(:37Biy6 strain mice were mjecied in the abdom^ 
toxiciiy of die genisiein was eiaminel II)|o was to 

In view of the above results of tests on iu inhibtdng e£Fect on the prqpagadra of tomoor 
cdls, its inhibidng effect on DNA, and its inhibidng effect on tyrosine-spedfic 
1$ phosphoiylase, genistein has an eseellem caranostadc effect, and moreover possees a tow 
toxicityi and thus is of vahie as a ctf dnostadc in the tzespc^ 
2P ^ flrtlmalg, In the treatmegt of symptoms agodated with m et as t a sis of carcinomas, and in 
the prevention of relapse in carcinoma cases. 

20 The clinical dosage of genistein is from 200 mg to 1000 mg of the acdve component per 
adult ptf day, administered in from one to four doses. The amount administered may be 
adjusted appropriately acooidmg to the individual drcumstanccs of the patient, sudk as 
condition and age and so forth* 

25 Genistein may be administered in isolation or in combination with other chemical 
treatment agents or immunological agents. (Stemical treatment agents dm may be 
enqtloyed in combination with genistdn inchtde cyclophosphamide^ vinblastine, 
vincristine^ adriamydo, frmercaptopurine, SAioronndl, mytomydn C, pleomydn, 



a 

acbflfiOflaycnit xicocstnioostatifli cytosific anbinomifei actoioiiiyciQ D| and oitrosoum 
and to fonh. Inuminologual agents that may be tasfhtyti hx ooflju&ction vithlp cnigfin 
ijoidaithrtnmfkcram^ and ioterleukin and so 

f ordu Whm geoistein is cn^loyed in oonfonction with other phaimocuticaHi die dosage 
5 of gcnistein is appropziately 1 of genistein to between 0*001 atld 10 times die 
phanDaceutteal employed in oonjuoettoiL 

- Hie dose of gdustem may be piqnred in fonn for oxal administtauoa ((ablets cqmde or 
11^<9 or non-oral administradon (for rectal administraQon» inocuiauon or pcUe^. Such 

10 doseofgenisttinmaybepreputdasaconibinadoowxdiaocyoomm^ 

or vdiide blended indie nonnal manner. Any generally employed canierx)i vefaick may 
be eiiqibyed» sudi as for aan^» in die case of taUets, water, fructosei lactose^ gum 
arabic^ gelatine^ mannitolt starch paste* magnesium trisilicate« milkf maize smdi« colloidal 
silica, potato mich or uxea and the l&e. In liqmd fioim, an aqoeoos or oleaginous 

1$ suspcsnon, solution, syrup, or di&r may be csqdoyed, and diee are prepared in the 
nonnai manner. For rectal administration, the genistetn may be supplied as a sq^pository, 
and die base asf be any nortnally employed base such as for example;i polyethylene ^^rool, 
kaolin, eocoafat, or IPtt^^^nanufacturedby Oynaniic-NobeQ and sofbrdu 

20 4. Simplified descripdon of tbe drawings 

(1) Figure 1 (a), (b) and (c) diow die inhibiting effects of genistem on the propa^on of 
- RSV-3Y1 cells, A431 oelh and SV40-3Y1 cells. 

(2) Figure 2 shows die inhibhing effects of gcnistein on DNA symheas in P 815 cells 
as andEMcdls. 
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Amendmoit (Vohimai;) 



5 MrMamboSlup 
Director, PatonAgaicy 

LStatemem of Matter 

Patem Application No. 89770 of 1985 

10 

iriik of Invention • 
Cardnostatic Agent 

3. Person making Amendment 
15 Standing in matter. Patent i^Ucaot 

Name: Yamanoochi Phannaceodcal Co. Ltd 

Address: 1-5 banchi. Nihonbashimachi 2-diome, Cbnoini, Tokyo lOJ 



25 5. Subjea of Amendment 

Detailed Desci^on of Invention withm Sp ecifi ca tio ns 

6, Contents of Amendment 
Seeattached 

30 

(1) [English] Page 2 line 35 '(^ to (b)' changed to '(a) to (c)' 




20 4.Agent 
Name: 



Kiyoya Fqino (and anodie^ 
Patents Depaitmenti Yamanoudii Pharmaceutical Co. Ltd 

8-1 Axokizawa l-dome, Itabashi-ku, Tolqro 174 



Address: 



(9 [EiigUih]Fa«e3linel9^rc'chaiigpdto*src' 

p) {Eaglish]F^3liac39^*duogdtoVrc' 

[English] Page 4 Iiiifr4>5>eaas'd^^ 

(S) [hfotrdemtmEn^tniubdon] 

5 (6) P^fotitlevaminEagtishtiani^^ 

0 [Not tdtvant in English tnuulatic^ 

((} [Not relevant in En^tnoubdon] 

(9) [English] Page 5 line 4 Yeacts* changed to Is reacted'; [Not relerant in English 
translation] 

10 (10) p^fot relevant in English translation] 

(11) [Not relevant in English translation] . 

. (1^ [Not relevant mEngilishtxanslation] 

(13) [EngM] Page 6 line S'Sfflinotd' changed to TO oiinuteir 
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in newborn babies support an essential role for n-3 fatty adds in ' 
retinal developmenL* 

The DHA content of erythrocytes is small compared with that of 
grey-matter, but the fatty add composition of the erythrocyte 
membranes may indicate the fatty add status of neural and perhaps 
other membranes. During the period of most rapid DHA 
accumulation in the developing rat, diet-induced changes in neural 
DHA are reftcaed in red blood cell DHA.' 

Dietary n-3 fatty adds can also modify endogenous prostaglandin 
production and perhaps by this means influence uterine 
prostaglandins and gestation time. In the Faroe Islands, where 
birthweights are amongst the highest in the world with long 
gestation periods and rapid fetal growth, the intake of marine Cat rich 
in n-3 Jatty adds is high and erythrocyte DHA values in pregnant 
women were found to be almost twice tfiose in normal individuals in 
other countries.^ 

The lower erythrocyte DHA found in patients on epoetin could 
be due to an increased requirement for this n-3 fatty add as a result 
of inaeased red cell production, and this implies a defidency of or a 
rate-limited producdon of DHA. However, plasma DHA values 
were not low, which raises the possibility of a defect of incorporation 
of this fatty add into the membrane in patients on hacmodialysis. 

A low membrkic DHA probably has little effea on red cell 
function and may be of minor importance in adults, although it is of 
interest that visual hallucinations have been described in patients on 
epoetin.' Unlike the adult, the fetus requires DHA in quantity for 
its dcvelopiiig nervous system, and haemodialysed patients do 
occasionally become pregnant. For reasons not fully understood, 
pregnancy in uraemia is associated with a high risk of premature 
labour and retarded fetal growth.' A lack of DHA would be 
detrimental to the fetus, and our results indicate that in a uraemic 
pregnant woman on haemodialysis, low quantities of membrane 
DHA could be one of the hazards to which the fetus is exposed. 
Because epoetin gives rise to even lower membrane DHA content, 
its use could increase the risk to the fetus: n-3 fatty add dietary 
supplements are indicated. 



URINARY EXCRETION OF ISOFLAVONOID PHYTO-0 ESTROGENS 
AND ENDOGENOUS OESTROGENS IN JAPANESE OR ORIENTAL 
WOMEN. AND IN AMERICAN AND FINNISH OMNIVOROUS 
WOMEN 
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Dietary phyto-oestrogens and the 
menopause in Japan 

Sir, — Lock, in an article on the menopause,* has discussed 
dilTerences between Japanese women and women in western 
societies. Japanese women have a much lower frequency of hot 
flushes than women in Canada. Lock concluded that "cultural 
indifference to the hot flush in Japan" was unlikely to account fully 
for these findings. 

Recently our Helsii^i group studied, in collaboration with 
Japanese scientists, the diet and phyto-ocstrogen excretion in 



Urinary isoflavonoid 
or oestrogen 


Japanese/ 
Oriental 


American 


Finnish 


Gcnistcin 
Daidzcin 
Equol 

Oestrone (postmenopausal) 
Oestradjol (postmenopausal) 
Ocstnol (posmiaiopausal) 


3440 (n = 3)* 
2600 (n = 10)* 
2600 (n = 10)* 
4-48(n=9)t 
0-76 (n = 9)t 
4-48Cn = 9)t 


2l6(n = 21) 
62-8 (n«21) 


32l(n = 12) 
40-5 (n = 12) 
44 2(n=l2) 
4-48 (n = !0) 
094(n = 10) 
4 44(n = 10) 



All assays oy gas cnromatograpny/mass spectrometry tn selected lon-nranitoring 
mode with deuterated internal standards.** Women collected two to four 72 h urine 
samples 3-6 months apart and values are thus means of urinary excretion in 
individual subjects over 6-1 2 days. Results as geometric means in nmol/24 h. 
'Values from ref 2. 

tOriental postmenopausal women (recent immigants to Hawaii). Same women as in 
ref 7. but oestrogens measured by new technique.* 



Japanese women and men, and in a few children.^ The women's 
mean age was 50-4 (SD 18*0) years and they were all from a small 
village south of Kyoto and consumed a traditional Japanese low-fat 
diet. We studied a group of three men, three women, and three 
children living in Kyoto and consuming the traditional diet, and in 
this group we measured the isoflavonoid genistein.^ We found a 
very high excretion of phyio-oestrogens in urine. The mean values 
were almost identical in the two groups and especially high 
excretion was found for genistein (maximum 1 5-5 ^mol per 24 h in a 
man) and two other isoflavonoids, daidzein and equol (table). All 
these compounds bind to oestrogen receptors and have weak 
©estrogenic activity.* The excretion of the isoflavonoids in urine of 
the Japanese women was much higher than in American and 
Finnish women (table) (ref 4 and unpublished data) and as high in 
children as in middle-aged and old people. These compounds were 
excreted in lCX)-fold to L0(X)-foId hi^er amounts than those of 
endogenous oestrogens in normal omnivorous women consuming a 
western or oriental diet (ubie). 

The excretion of the isoflavonoids in urine was associated with 
intake of soy products such as tofuj msoj aburage, atuage, koridojut 
soybeans, and boiled beans. All isoflavonoids are weak oestrogens 
and such hig^ amounts could have biological effects, especially in 
postmenopausal women with low oestrogen levels. High levels of 
isoflavonoid phyto-oestrogens may partly explain why hot flushes 
and other menopausal symptoms are so infrequent in Japanese 
women. 

Supported by grants from the Medical Research Council, Academy of 
Finland, and S. Juselius Foimdation, Helsinki. 
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ABSTRACT 

a precursor of equol.. Both equol and daidzcia were 
characterized as monoglucuronide conjugates in 
hljman lirinc and the concentration, of urinary equol 
exceeded the concentrations of the classical oestrogcfis 
by I0j3- to lOOO-fold after ingestion of a single meal 
containing soya protein. The potential biological sig- 
nificance of this result is discussed. 
J. fmfocr. (1984) 102. 49-56 



The dietary origin of the weak oestrogen equol (7- 
hydroxy^3-{4'-hydroxyphenyl)^hroman) present in 
hurhari uriiie h^s been investigated using gas chro- 
matography-mass spectrometry. Feeding experiments 
with different food constituents and monitoring the 
urinary excretion of equol revealed that soya^ food 
>iclds more than 0* I mg urinary equol/g flour ingested. 
From this source the gliicoside of daidzcin (4',7-di- 
hydroxyisoflavonc) has been isolated and identified as 



intropv<:tion 

Equol (7-^hydroxy-3-i(4'-(hydroxyphcnyI)-chroman) is 
an isoflavan possessing weak ©estrogenic activity, in 
the order of 10'^ times that of ©estradiol (Braden. 
Hart& Lamberton, 1 967; Shutt& Braden. 1968). while 
also being- an antioestrogen in binding competitively 
vvith oestradiol to uterine cytosol receptors (Shuti k 
Cox. 1972; Tang & Adams, 1980). The compound was 
first discovered in the urine of pregnant mares over half 
a century ago (Marrian & Haslcwood, 1932) and then 
in goal (Klyne & Wright. 1957). cow (Klync & Wright, 
1959), hen (MacRae, Dale & Common. 1960; 
Common & Aimsworth. 1961). sheep (Braden et aL 
1967; Shuil & Braden. 1968) and rat (Axelson & 
Sctchcll. 1981). in these anirnals equol is formed by 
intestinal bacterial degradation of phylo-oeslrogens 
present in the feed (Batterham. Hart. Lambcrton & 
Braden, 1965; Nilsson, Hill & Dayies, 1967; Shutt & 
Braden. 1968; Batterham. Shutt, Hart et ai 1971; 
Axelson & Sctchell, 1981). Ingestion of larger 
quantities of clover, particularly Trifolium subter- 
raneum, which has a high content of equol precursors, 
leads to an infertility syndrome in sheep referred to as 
clover disease, in which a cystic condition in the repro- 
ductive tract is accompanied by a failure to conceive 
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(Bennetts, Underwood & Shier. 1946; Moule. Braden 
& Lamond, 1963; Morley, Axelsen & Bennett. 1964; 
Shutt. 1976). 

The occurrenoc of equol inthe urine of man was only 
recently reported (Axelson, Kirk, Farranl et ai 1982). 
The amounts excreted were similar to the endogenous 
ocstrogens, but were not related to any hormonal 
status. 

The dietary origin ofequol in man is not known, but 
here we rejjort that soya protein has a remarkably 
high content of an equol precursor which has been 
isolated and identified as the glucpside of the iso- 
flavone, daidzein (4'.7-dihydroxyisOfiavone). This 
phyto-oestrogen is converted into equol. conjugated 
with glucuronic acid and is then excreted in urine. 



MATERIALS AND METHODS 
Urine samples 

Urine (24 h) collections were obtained from a healthy 
man (age 34 years) and woman (age 25 years) and 
from 20 mature female rats ('^200g) of the 
Spraguc-Dawlcy strain. The urine was collected in 
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polyethylene flasks, frozen immediately and stored at 
' - 20 until analysed. 

Diets 

Rats were fed commercial pelleted food (Astra-Ewos» 
Soderlaljc, Sweden) or a semisynthetic diet, D7 
(Midtvedt & Gustafsson, 1981). composed of wheat 
sUrch, casein, arachis oil, salts and vitamins. Food 
constituents (?-5;|^4.h) and equivalent amounU of 
extracts were tested for the presence of equoi pre- 
cursors by adding .them to the semisynthetic diet in 
exchange for starch or oil and feeding it to one to five 
rats for 2 days, iSoya flour (Soyolk; Soya Foods Ltd) 
was obUined from A/B Risen la, Stockholm, Sweden 
(composition; 40% protein, 20% fat and 20% carbo- 
hydrate). The, two human subjects were given lunch 
meals in which 40g of commercial textured soya 
(Natural Protoveg; Direct Foods Ltd. Petersfield, 
Hants; composition: 52% protein. 1% fat aiid 31-5% 
carbohydrate) was substituted for meat over a 5-day 
period; The soya was cooked according to the manu- 
facturcr*s instructions. 

Soya flour (5^; was rcfluxed for I h with 125 ml 80% 
aqueous cthanol. After filtration and evaporation of 
the alcohol, non-polar lipids were removed by first 
washing the aqueous extract with hexane (30 ihl) and 
tJien passingvit through a column bed (4 x 0'8.cm) of 
Lipidcx lOCK) (Packard Instrument Co., Downers 
Grove, Illinois. tJ;S.A.) (Dyfverman & Sjovall, 1978) 
in water. The aqueous effluent (about 30 ml) was then 
extracted with a Sep-Pak dg cartridge (Waters 
Associates Inc., Milford, Maryland. U.S.A.) which 
was washed with. 10 ml water before elation with 8 ml 
methanol (Shackieton & Whitney. 1980). The eluate 
was passed through a column bed (4 x 0-4 cm) of the 
strong cation exchanger sulphohydroxypropyl 
Scphadex LH-20 (SP-LH-20. H *) (Axelson & Sjovall. 
1979) and the material in the njethanolic effluent 
(13 ml) was separated into neutral and phenolic 
fractions on a column bed (4x0-4 cm) of the 
strong anion exchanger tricihylaminohydroxypropyl 
Scphadex LH-20 (TEAP-LH-20. OH") (Axelson. 
Sahlberg& SjdYall, 198 1). Phenolic compounds, eluled 
from the column with 8 ml COj-saturated methanol, 
were further fractionated by preparative thin-layer 
chromatography (TLQ on a iMerck precoaled plate 
(silica gel 60 Fj 54; 20 cm x 20 cm. Merck. Darmstadt. 
West Germany) with ethylene chloride : acetic 
acid : water (10 : 10 : 1 , by vol.). Spots were located by 
inspection under a u.v. Iampat254.nm or for analytical 
TLC by spraying with a solution of HiS04 :ethanol 
(1:1, v/v) and heating at 80-100 'C. Major com- 
ponents were scraped from the plate, elulcd and 
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rcchromatographed on TEAP-LH-20 for removal of 
TLC impurities. After hydrolysis with p-glucosidase 
(Emulsin; Sigma Oicmical Co.. St Louis. Missouri, 
U.S.A.; 25 units In 5 ml 01 M-acetale buifer. pH 5, at 
37 ''C for 24 h), deconjugated compounds were ex- 
tracted using a Sep-Pak C,8 cartridge as described 
above. 

Extraction and isolation of equot from urine 

Equoi was extracted from urine (1-6 ml) with a Sep- 
Pak Cjg cartridge (Shackieton & Whitney. 1980) and 
conjugates, cluted with 8 ml methanol, were 
hydrolysed with ffeiix pomatla juice (Reactifes IBF 
Soc. Chim., Poinlct Girard, Villeneuvc la Garenne. 
France; 3OOQ0 Fishman units P^glucuronidasc in 5ml 
0-2 M-aceiatc buffer. pH 4-5) at 62 *C for I h j[Schoiicr. 
M6tay, Hcrbin & Jayle. 1966), After extraction on a 
Sep-Pak G,e cartridge, liberated equoi in 8m| 
methanol was purified by passage: through a:column 
bed (4 X 0-4 em) of SP-LH-20 (H *)( Axelson & Sjovall. 
1 979) and chromatography on a column (4 x 0-4 cm) of 
TEA]P-LH-2Q (OH*) (Axelson efff/. 1981). A phenolic 
fraction was obtained by elution of the latter column 
with 8 ml methanol saturated. with COj. After removal 
of the CO2 by application Of vacuumi water was added 
to give a final concentration of 72% methanol and the 
sample passed through a column bed (2 x0*4cm) of 
dieihylaminocthyl (DEAE)r-Sephadex (Phannacia, 
Uppsala. Sv^eden) in.base form (Axelson al. 1982). 
Monophenoliccompouiids were'clutcd with 10 ml 72% 
aqueous methanol and cqupl and other diphenolic 
compounds with 5 ml 72% aqueous methanol 
saturated with COj. 

Isolation of equoi and daidzein glucuronides from 
human urine 

Urine (20 ml) collected from a male subject after 2 days 
on a soya diet was extracted on a Sep-Pak Cj, 
cartridge, filtered through a coluran bcd(4 x 0'4cm) of 
SP-LH-20 (H*) as described above and fractionated 
on a column bed (6 x0r4 cm) of TEAP.LH-20 in OH 
form. After elution of monoglucuronides of neutral 
compounds with 20mr 0-8 M-acetic acid in 72% 
aqueous methanol, glucuronide conjugates possessing 
a free phenolic group were eluted with 15 ml 0-4 M- 
formic acid in 72% methanol (Sahlberg, Axelson, 
Collins & Sjovall. 1 98 1). An aliquot of the material in 
this fraction was analysed by TLC as for soya. Rf 
values of the glucuronides of eqiiol and daidzein were 
0-28 and 0-23 respectively (for comparison, ocstriol 
16a-gIucuronide had an. /Ef value of 0 29), The 
carboxyl group of the glucuronic acid was methylated 
with diazomethane and the methyl esters were 
dissolved in methanol and purified on a column bed 
(4 X 0-4cm) of TEAP-LH-20. After washing with 5 ml 
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methanol the conjugated equol and daidzein 
derivatives (which possess a free phenolic group) were 
cluted with 8 ml COa-saiurated methanol. 

Preparation of derivatives for gas chromatography 
(GQ-mass spectrometry (MS) 

Methy! esters 

The dried extract was dissolved in I ml diethyl 
ether: methanol (9:1, v/y) and diazomcthanc (freshly 
prepared by the reaction between N-methyl-N-nitrbso- 
tolueaesulphonamide and aqueous KOH, in diethyl 
ether- Schlcnk ft Gellerman, 1960) was added to the 
sample through a stream of nitrogen. After SQinin in 
an ice balh, excess diazomethane and solvents were 
removed under a streatn of nitrogen. 

Trimethylsilyl (tMS) ethers 
Trimcthylsilyl ethers were prepared by addition 
of iOO jfil pyridine : hcxamethyldisilazanc : irimcthyl- 
chlorosilane (3. : 2 : 1 , by vqI.) and- heating at 60 for 
30 min. The leiagents were removed under a stream of 
nitrogen and the derivatives dissolved in hexane. 

Deuterium-labelled TMS ethers were prepared by 
reaction with 100 nl [^Hjltrimethylchlorosilanc 
(Merck Sharp & Dphnie Gatiada Ltd, Montreal, 
Canada) : pyridine (I : !8, v/v) at 20 X for 30min. 

Gas dtfomatography and mass spectrometry 
Cos chrofhatdgraphy 

Gas chromatography was carried out on a Pye 104 gas 
chromatograph equipped with a flame ionization, 
detector and housing a 20m x 0-3 mm openHubular 
glass capillary column coated with SE-30 (Orion 
Analyiiaii Espoo, Finland). Nitrogen was the carrier 
gas with an Inlet pressure of 5Q kPa. giving a flow rate 
of about rml/min. The oven temperature was 250 'C. 

Quantification of equol present in the hydrolyscd 
urine fractions was obtained by comparison of its GC 
peak area with that given by a known amount of 
authentic equol. having a retention time as a TMS 
ether derivative of 0'45 relative to that of 5a- 
cholcstane^ The limit of detection corresponded to 
about 1 Mg equol in a 24-h urine collection. 

Gas chromatography-mass spffctrometry 
Gas chromatography-rhass spectrometry was done on 
a modified LKB 9000 instrument housing an open- 
tubular glass capillary column (25 m x 0*3 mm) coated 
with SE^36i hieated at 250*C and connected to the ion 
source by a single stage adjustable jet separator 
(Axelson ftSjcivall, 1977). 

Derivatized conjugated compounds were analysed 
on a 1-5% SE-30 packed cblunritv (I mx 3-4 mm) at 
250 "C. Temperatures of the molecular separator and 
the ion source were 275 and 290 *C respectively; energy 



of bombarding electrons, ,22-5 cV, ionizing current, 
60 ^A and accelerating voltage. 3-5 kV. Repetitive 
magnetic scanning (usually six tdteascans/min) over 
the range of mass/charge ratios (mfz) 6r800 daltons 
per unit electronic charge was initiated after a suitable 
delay from the lime of sample itijection. Methods for 
the computerized evaluation of the mass spectral data 
have been described (Axelson^ Cronholm. Gurstcdt ei 
ai. 1974). 

RESULTS 

Dietary origin of equol 

Since rais excrete equol in uririe and bile (Axelspn^ft 
Setchell, 198 1) this animd was used as a model for man 
in the experiments screening ^for dietary precursors. 
Evidence that commercial pelletied food conitains pre- 
cursors of equol was obtained by changing a normal 
rat feed to that ofa seousynthetic diet. A niarked and 
rapid decrease in the urinaiy excretion; of equol to less 
than 2 Jig/24 h was followed' by an increase^after the 
diet reverted to pellets (Fig. j). In the subsequent 
search for equol precursors, different food constituents 
andfe>^^it^Btg|^were added to this semisynthetic diet 
and the excreaon of equol in urine was monitored. Of 
the variety of fpod-stuffs tated, which incltid^^ 
flour, soya oil,- wheat, rye., oat, millet, barley, 
buckwheat, com, alfalfa^, white beans and brown 
beans, soya flour provided the richest source of prcr 
cursor(s) and resulted in the urinary excretion of about 
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1 00 iig cquol/g flour ingested (range 60-1 30 Mg/g in five 
rais). The corresponding value for soya oil was only 
5 Mg/g. Little or no increase in the urinary excretion of 
cquol (<Iiig/g) was observed with the other food 
constituents tested. Commercial food pellets contain a 
proportion of soya cake sufficient to account for the 
urinary excretion of cquol by rats. 

Extending these studies to man, the urinary ex- 
cretion of cquol in two subjw:u (male and female), 
which is normally in the range of the classical ocsiro- 
gens (Adlercreutz, Fotsis. Hcikkinen et ai 1982- 
Axelson et ai 1982), increased 100- to 1000-fold to 
about 4-6mg/24h after ingestion of 40g soya/day 
(Fig. 2). Thus the response to this diet was analogous 
to that observed in rats, indicating that the 
precursor-product relationships are similar in man 
and rats. 




C 2 4 6 « 10 12 14 0 2 4 6 8 lb 1*2 14 
Time (days) 

FIGURE 2. Daily urinary excretion of cquol by (a) a man and 
[p) a woman before and after the addition of textured soya 
(40 g/day) to the normal diet. 

Identification of daldzeln, a precursor of equol in soya 

Experiments to isolate the prccursor(5)from soya flour 
showed that the compound(s) was extractable with 
80/J aqueous ethanOl. After the fractionation of the 
extracted material into neutral and phenolic com- 
pounds on the ion exchanger. TEAP-LH-20, approxi- 
mately 90% of the precursor(s) was present in the 
phenolic fraction. Preparative TLC showed a major 
component of /^^ 0-32. When this component was fed 
to rats It was readily converted to cquol and quanti- 
tatively accounted for approximately 75% of the ex- 
pected excretion of cquol from the original amount of 
soya. The TMS ether of this compound, when analysed 
by GC-MS, did not show the molecular ion (M) at mjz 
7/6 (Fig. 3) but ions at m/r 761 (M-!5), 671 (M- 
(1 5 + 90)) and 58 1 {M-(l 5 + 2 x 90)), which are formed 
by loss of a methyl group from the molecule and 
subsequent loss of one and two derivatized hydroxyl 
groups respectively. The base peak at mjz 361 and the 

/. Endocr. (1984) 102. 49-56 



ions of m/r 271, 243, 217 and 204 are indicative of a 
TMS ether of a hexosc structure (Lai nc & Elbcin, 
1971). In analogy with persilylated glucuronide con- 
jugates (Spiegclhalder, Rohle, Sickmann & Breuer, 
1976) the ion at mjz 450 indicated that the sugar 
residue was conjugated to an aromatic hydroxyl 
group. This ion arises from the glyconc with a loss of a 
proton. Aromatic conjugation was further supported 
by the intense ion at mfz 398 (M-378). v/hich is formed 
by deconjugation and transfer of a TMS group from 
the glycoside moiety to the aglycone (Billets. Lietman 
&Fensclau. 1 973; Spiegclhalder c/j/. 1976). The ion al 
mjz 383 is formed by subsequent loss of a methyl group 
from the aglycone. 

Treatment of this compound with P-glucosidase 
yielded a product (Rf value 0-83 compared with 0-92 
for equol on TLC). the TMS ether derivative of which 
had an identical GC retention time on SE-30 (i l2 
relative to 5a-cholcstane) and mass spectrum as the 
persilylated authentic daidzein. The mass spectrum 
showed a molecular ion and base peak at /n/r;398 (Fig. 
3). The origin of ion mfz 355 is unknown, it may be due 
to loss of CH, {mjz 383) and GO (Budzikiewicz. 
Djcrassi & Williams, 1964). The fragment ion at m/z 
190 may represent ((CH3)3SiO-C^H4-C^H)* in 
analogy with the fragmenUtion of ^uol (Axelson et 
al. 1982). These interpretations were supported by the 
analysis of the compound as a perdeuterated 
derivative. 

The glycoside moiety of the daidzein conjugate 
occurring in soya was tentatively idenUfied as a glucose 
residue. This is based on the following properties and 
evidence: hydrolysis with f-glucosidasc, mobilities on 
the anion exchanger TEAP-LH-20. TLC and GC 
(retention time on SE-SO was 19 tiipcs tha t of the TMS 
ether of daidzein), the mass spectrum and the previous 
finding of daidzein glucoside in soya beans (Walz, 
193 1). Definite confirmation that daidzein is the major 
precursor of equol in commercial soya flour was ob^ 
tained by feeding a rat the reference cothpound 
daidzein (acetate, 400 ng) in the semisynthetic diet, 
which yielded approximately 50Mgcqub! in the iiritie. 

Identification of equol and daidzein glucuronidcs in 
human urine 

In our eariier characterization of cquol in urine 
(Axelson e/ ai 1982) it was tentatively identified as a 
glucuronide conjugate, consistent with the majority of 
endogenous urinary steroids. After repetitive scanning 
MS of the GC-effluent, the presence of equol and 
daidzein glucuronidcs was evident from the recon- 
structed chromatograms for diagnoslically significant 
ions given by the methyl ester TMS ether derivative of 
the two compounds (Fig. 4). Peaks ckxurred at 14 and 
32min (retention time of 5a-cholcstane was about 
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HGURE X Electron impaa ionization mass spectra of the tnmethylsilyl (TMS) ethers of daidrcin (4',7-dihydroxy-isoflavonc) 
glucqside isolated from soya ftour (a) before and (6) artcr treatment with p-glucosidasc. M *, mojecular ion; m/z, mass/charge 
ratio in daltons per unit electronic charge. 



I mia) which represent intact glucuronides of eqiioj 
and daidzein respectively. The complete mass 
spectrum of cquol jgliicuronide diited at I4 min is 
shown in Fig, 5. Consistent with the mass spectra of 
derivatives of glucuronide conjugates of oestrogens 
(Spicgelhalderera/.1976) the.relativc intensities dfihei 
molecular ion (m/z 720) and the ions formed by losses 
of a methyl group (mfz 705) and TMS groups (m/z 6 1 5 
and 525) are below 5% .in this aromatic conjugate. The 
loss of 292 and 334 mass units from the molecular ion 
has previously been observed in mass spectra of 
phenolic glucuronide conjugates (Billets et ai: 1973; 
Spiegelhaldier et a/: 1976; Axdson & Selchell, 1980); 



the latter fragmentation represents, this loss of glucu- 
ronic acid with the correspbiiding transfer 6f a TMS 
group to equol. The.ion at m/z 192 consists of a deriva- 
tized phenol group with a 2-cafbon:Chain which is the 
base peak in the mass spectrum . of unconjugated . equol 
(Axelson et dl. mi). Ions at m/z 406; 407, 317 (base 
peak), 275. 217 and 204 are all typical of thje frag- 
mentation of the glucuronic acid (Biliets et at. 1973; 
Spiegelhaldcrerfl/. 1976; Axelson &Sictchelli 1980). 

The glucuronide conjugate of daidzein was also 
identifieii in the same urine samplb {Fig. 4). The mass 
spectral fragmentation pattern of the. methyl ester 
TMS ether of the inUct conjugiate (Fig. 5) was similar 
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HGURE 4. Gas chroma tographic-mass spectre metric analysis of niethyt ester trimethylsilyl ether de- 
rivativcs of intact.glucurontdcs of equol (E; 7*hydroxy*3-(4';hydroxyphenyl)<hroman) and daidzein 
(D; 4',7-dihydroxy-i$6f1avone) isolated from human urine. Fragment ion current chromatograms of 
mass/charge ratio (m/i) 3 1 7 daltons per unit electronic charge and m/2 406 are representative of the 
glucuronyl moiety, those of m/z 386 and mfi 192 of cquol and thos« of mfz 398 and /n/j'383 of daid- 
lein structure (see text). For purpose of illustration the intensities of m/z 317 were multiplied by.a 
factor of I, the other ions by a factor of 2. 
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10 that of cquol glucuronidc. The loss of glucuronic 
acid in a rearrangement with the simultaneous uansfer 
of a TMS group to the aglycone gives rise to the 
significant ion at m/r 398 (M-334) which is the 
molecular ion and base peak in the mass spectrum of 
the TMS ether of daidzein (Fig. 3). 

These data finmly establish the occurrence of equol 
and daidzein in human iirine as glucuronidc con- 
jugates. However^ it is not possible to dctennine the 
position of conjugation by these methods, and the 
prcschpe. of two isomers of each compound cannot be 
excluded. 



weeks the capacity Co form cquol decreased or dis- 
appeared in several rats. When pelleted food was again 
^ven,, the capacity was partly regained. A variable 
yield of urinary equol has also been observed in man 
after ingestion of soya (Setchcll e( al. 1984). 
Conjugation of equol and daidzein with glucuronic 
acid most likely occurs in the liver as is the case with 
most endogenous oestrogens. 

Although daidzein was the only equol precursor 
identified from soya, other precursors may exist in 
plants and foods. Isoflavones such as formononetin (7- 
hydroxy-4'-mcthoxyisoflavone), biochanin A (5,7rdi- 
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nouR£ 5. Mass spectra of the methyl csicr trimcthylsayl (TMS) ether dcrivsitiycs of the ^ucuronidcs of (a) cquol 
(7^hydroxy-3-(4 -hydroxyphenyl>«hroman) and (i») daidzein (4',7^hydroxy-i$oflavone) isolated from Human urine. 
The orijpn of ions is given in the text. M "*» molecular ion; m/z, mass/charge ratio iii daltpns>» unit- electronic charge; 



DISCUSSION 

As shown here, and in a subsequent study (Setchell, 
Biorriello; Hulme et dl 1984)» soya meal is a major 
dietary source of urinary equol in man. Equol itself 

Jwas. noi detected in soya but was shown to be formed 
fvom the glucoside of daidzein. Glucosidiases are 
known to be present Jn intestinal bacteria (Drasar & 
Hill, 1974), which have also been shown to carry out 
the reduction and deoxygenation reactions required 
for conversion of daidzein to equol in animals 
(Batterham et al. 1965; Nilsson et aL 1967; Batterham 
et aL 1971) and recscntly in man (Setchell et aL 1984). 
Germfree ratis, however, do not excrete equol when 
given commercial pelleted food (Axelson & Setchell, 
1981). These results strongly suggest that also in man 
equol is formed in the. gastrointestinal tract as a result 
of the bacterial degradation of daidzein. Thus, the rate 
of formation of equol from daidzein is conceivably 
influenced by the composition of the microflora, the 
intestinal transit time and the redox level in the large 
intestine. These conditions arc affected by the diet, and 
when rats were fed the semisynthetic diet for several 



hydr6xy-4'^mieth6xyis6flavoh genistcin (4'-5,7- 
trihydroxyisofiavprtc) are all. potential precursors of 
cquol in animals (Cayen, Carter- & Common, 1964; 
Baitterham e; a/. 1965. 1971; NUsspn et aL 1967; Shutt 
& Braden, 1968; tang & Common, 1968; Batterham e/. 
ai. 1971). Soya beans can contain an abundaiice of 
phyto-oestrogens (Walz, 1931; Walter, 1941; Nairn, 
Cestitner, Kirson et al, 1973; Lookhart, Jones & 
Fintiey, 1978), particularly genistein and daidzein, 
which have been ascribed to cause uterotrophic effects 
in laboratory mice given soya bean meal (dlarter, 
Smart & Matrone, 1953; Cheng. Story. Yoder et al. 
1953) or commercial pelleted food (Drane, Patterson. 
Roberts & Saba. 1975. 1980). Our ;;6bscrvations here 
and earlier that equol is the major phenolic compound 
found in urine, blood and bite of rats maintained on 
this diet (Axelson & Setchell. 1981) suggest that the 
oestrogenic effects arc more likely to.be induced mXivo 
by equol than by genistcin and/or daidzciii. Genistein 
glucoside was not detected in the commercial soya 
flour used iii the present study. Whether this -is due to 
variations in the composition of isoflavones between 
different species of soya beans or due to elimination of 
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gcnistein during the manufacture of the flour is not 
known. 

The widespread use of soya beans as a protein food 
source makes it important to determine possible 
physiological effects of equol in man. The 'contra- 
ceptive* effect in animals suggests to us that it may be of 
interest to investigate the dietary habits and urinary 
excretion of equol in women with unexplained in- 
fertility or di5^mere»5^ithe^ffi'ei?5li«^r^(^e» 

In addition, whether the presence of phyto- 
oestrogens and related ocstrogenic compounds in 
common food-stuffs affect the development and/or 
treatment of hormone-dependent tumours should also 
be considered. 



ACKNOWLEDGEMENTS 

The excellent technical assistaiice of Ms B. Morlc, E. 
Conway and Mr M. Corrie is gratefully acknowledged. 
Professor D. N. Kirk kindly provided samples of equol 
and daidzein. The work was supported by grants from 
the Swedish Medical Research Council (grants No 
03X-2I9 and 16X-206) and Karolinska Institute. 



REFERENCES 

Adicrcrculz. H., Fouis. T., Hcikkincn. R., Dwycfi J. T.. Woods 
M., Goldin. B., R. & Gor bach. S. L. ( 1982). Excretion of ihc 
S*"* and cntcrodiol and of ©quo! in omnivorous 

vegetarian post-menopausal women and in women with 
breast cancer. Lancet u. 1295-1299. 

Axelson, M..Cronbolm, T.. Curslcdl, T, Rcimcndal. R. A.SjovaJU 
J. <I974). Quantitative analysis of unlabclled and polydcuterated 
compounds by gas chromatography-mass spcctrotrtctry. Chro- 
matcgraphla7,SC!l-*SQ$, 

AxcUon, M.. Kirk, D. N., Farranu R. D.. Coolcy, G.. Uwson A 
M. & SetcheU K. D, R. ( 1 982). The idenUfication of the weak 
oesuogcn cquoI <7.hydroxy.3-<4-hydroxyphcnyt)chroman) in 
human unne, BiochemieatJournai 201, 2Sy-2$l. 

Axdson. M.. Sahlberg, B-L. & Sjovall. J. (198 1). Analysis of 
profiles of conjugated steroids in urine by ion-exchange scpara- 
Uon and gas chromalography-mass spectrometry. Journal of 
Chromatography. Biomedical Apptications 224. 355-370 

Axelson. M, & Sctchdl, K. D. R. (1980). Conjugation of lignans in 
human urine. FEBS Letters 49-53. 

Axelson. M. &Sc(chcII. K. D. R. (1981). The excretion of lignans 
in rats - Evidence for an intestinal bacterial source for this new 
group of compounds. FEBS Letters 1 23. 337-342. 

Axdson. M. & Sjdvall. J. ( 1 977). Analysis of unconjugated steroids 
in plasma by liquid-gel chromatography and glass capillary gas 
chromatography-mass spectrometry. Journatof Steroid Bio- 
chemistry S, 683-692. 

Axelson. M. & Sjovall, J. (1979). Strong non-polar cation ex- 
changers for the separation of st eroids in mixed chromato- 
graphic systems. Journal of Chromatography 186. 725-732. 

Batlcfhnm, T. J., Hart. N. K.. Umbcrton. J. A, & Braden. A. W. H. 
(1965). Metabolism of ocstrogenic isoflavoncs in sheep. Nature 
206, 509 



Soya -a source of equol in man - m. AXEtSON and others 55 

Batterham, T. J.. ShuU. D. A., Hart, N. iC, Braden, A. W. H. A 
Tweeddalc. H. J. (1971). Metabolism of intraruminally ad- 
ministered (4-**Q-formononctin and (4-**C)-Biochanin A in 
sheep. Australian Journa! of Agricultural Research 22, 1 3 1 -| 38 

Bennetts. H . W., Underwood, E. J. & Shier. F. L. ( 1 946). A specific 
breeding probtem of sheep on subterranean dover past ures in 
Western Australia. Australian Veterinary Journal 22, 2-12. 

Billets, S.. Lictman, P. S. & Fcnselau, C (1973). Mass spectral 
ana^^s of glucuronides. Journal of Medicinal Chemistry 16, 

Braden, A, W. H., Hart, N. K. & Lamberton, J. A. (1967). The 
ootrogcnic activity and metabolism of certain isoflavoncs in 
sheep; Australian Journal of Agricultural Research 18, 335-348 

Budrikiewicz. H., Djcras-ni. C. & Williams. D. H. (1964). Structure 
etueidation of natural products by mass spectrometry, vol, II. San 
Pnncisoo, London, Amsterdam: Holdcn-Day. Inc. 

Carter, M..W.. Smart, W, W, G., Jr & Matronc, G. (1953). Esti- 
mation of estrogenic acUvity of gcnistein obtained from soy- 
bean meal. Proctedings of the Society for Experimental Bio- 
logy and Medicine $4, 506-507. 

Caych. M. N., Carter, A. L & Common, Rl H. ( I9iS4). The con- 
version of gcnistein to cqubl in Ihc fowl. Biochimica et Bio- 
physica ActaB6, 56-64. 

Cheng, E.. Story. C. D., Voder. L.. Hale, W. H. & Burroughs. W, 
(1953). Estrogenic activity of isoOavone derivatives extracted and 
prepared from soybean oil meal. Science 118. 164-165. 

Common. R. H. & Aimsworth, L. (1.961). Identificatibo of equol in. 
ihc urine of the domestic. fowl. Biochimica et Biophysica Acta 53 
403-404. 

Drane. H. M., Patterson. D. iS. P,. Roberts. B. A. & Saba, N. 

(1975). The chance, discovery of ocstrogenic activity in 

laboratory rat cake. Food and Cosmetics Toxicology 13. 491-492. 
Drane, H. M., Patterson, D. S. P., Roberts, B. A. & Saba, N. 

(1980). Ocstrogenic activity of soya-bean products. Food and 

Cosmetics Toxicology 18, 425-427. 
Drasar, B. S; & Hill, M. J. (1974). Human intestinal flora. New 

. York and London: Academic Press. 
Dyfverman. A. & Sj6vaU. j;.(l978). A. novel liquid-gel chromalo^ 

graphic ntethod for extraction of unconjugated steroids from 

aqueous solutions. Analytical Letters1bU,Ai$-i99. 
KIyne. W, & Wright, A. A. (1957). Steroids and other lipids of 

pregnant goat's utint,. Biochemical Journal 66, 92-101. 
Klyne. W. & Wright, A. A. (1959). Steroids and other lipids of 

pregnant cows' m\T)t: Jourtusl of Endocrinology 18. 32-45. 
Laine, R. A. & Elbcin. A. D. (1 971). Stcryl glucosidcs in Phasoteus 

aureus. Use of gas-liquid chromatography and mass spectro- 
metry for slruaural idenliftcalion. Biochemistry 10, 2547-2553. 
Lookhart, G. L., Jones. B. L. & Finney. K. F. (1978). Dctermina- 

tionof coumestrol in soybeans by high-performance liquid and 

Ihin-laycr chromatography. Cereal Chemistry 55. 967-972, 
MacRae. H. F.. Dale, D. G. & Common. R. H. (1960). Formation 

in viro of 16-epicstriol and 1 6-kelo-cstradiol- 1 7p from cstriol by 

the laying hen and occurrence of equol in hen's urine and feces. 

Canadian Journal of Biochemistry and Physiology 38, 523-532. 
Marrian; G. F. &. Haslewood, G, A. D..(I932). CXLV. Equol, a 

new inactive phenol isolated from the ketohydroxyoestrin 

fraction of marcs' urine. Biochemical Journal 26, 1227-1232. 
Midtvcdt.T.&Gusiafsson, B. E.(l98l). Digestion of the bacteria 

by germfree rats. Current Microbiology 6, 1 3-1 5. 
Morlcy. F. H. W., Axclsen, A. A Bennett, D. (1964). Effects of 

grazing rod clover ( TrifoUum pratensel) during the joining season 

00 ewe fertility. Proceedings of the Australian Society for Animal 

Productions, 58-61, 
Moule. G. R., Braden. A. W. H. & Lamond, D. R. (1963). The 

significance of oestrogens in pasture plants in relation to animal 

production. Animal Breeding Abstracts 139-157. 
Nairn, M..Gatetncr. B.. Kirson, I.. Birk. Y. & Bondi. A. (1973). A 

ncwisoflavone from soya beans. PhytochemLttry 12. 169-170. 



J. Endocr. (1984) 102. 49-56 



56 M. AxetSON and olhcrs • Soya ^ a source oftquol in man 



Natson. A.. Hm. J. L A Davia. H. L. (1 967). An « wVro itudy of 
rormononetin and Biocluuun A mcUbolism in rumen fluid from 
iheep. BiochimieottBicphysica Acta 148, 92-98. 

Sthlbcr^. B.-U, AxcUon, Collins. D. I & Sj6vall, J. (1981). 
Analysis of tsomertcethynylestradiol glucuixmidcs in urine. 
Jottrnai of Otromatography 217^ 4S}^I . 

ScWcnk, H. & CcUcnnan, J, L. (I960). Estcrificalion of faciy acids 
with diazomcthanc on a small scale. Analytfeal Chemistry 32. 
H12>1414. 

Schollcr. R.. Maay^S.; Hcrbin, S. & Jayle, M. F. (1966). Hydro- 
lysc cfu^ymalique rapidc dcs ocstrogencs conjugufa urioaires. 
European Journal of Sierotds l, 37W88. 

Sctchen,X. D.R., Borrieljp/S, P., Hulmc. P.,.Kiric D. N. & 
Axclson. M; (1984). Nbii-stcfotdal ocstrogcnj of dietary origin: 
Possible roles in hormone dependent disease. American Journai 
of Qinicat Nutrition. (In Press.) 

Shacklctoh, C. H. L. & Whitney, J, O.<l980). Use of SeprPafc" 
cartridges for urinary steroid extraction: Evaluation of the 
method, for use prior to gas chromatographic analysis. Oinica 
Chtmica Acta 107, 23 1-243. 

Shuti, D. A. (1976). The effects of plant ocstrogens on animal 
reproduction. Lndea^uriS, 1 10^1 13. 



Shutt, D. A. iL Braden, A. W. H. (1968). The significance of cquol 
in relation to the oalroKcnic responses in sheep ingesting clover 
wiih a high formononctin content, Australian iournatof Agri- 
cultural Research 19, 545-553. 

Shutt, p. A. & Cox, IL I, (1972). Steroid and phyto-oestrogcn 
binding to sheep uterine receptors in vitro. Journai of Endo- 
crinology SI, 299-^10. 

Spicgelhalder. B.. R6hle. C. Siclcmann, L & Breucr, H. (1976). 
Mais^spectromctry of steroid gtucuronidcs. Jouma! of Steroid 
BiochemistryT, 749-756, 

Tang, B. Y. & Adams, N. R. (1980). Effect of equol on oestrogen 
receptors and on synthesis of DNA and protein in the immature 
rat uterus. Journal of Endocrinology iS, 291-297.. 

Tang. 0. & Common, R: H. (1968). Urinary conversion products 
ofccrtain orally administered isoflavoncsin the fowl. Biochimtca 
et Biophysica Acta 158. 402-^ 1 3. 

Waller, E. D. (1941). Genistin (an isoflavone glucoside) and its 
agl ucone, genistei n. from soybeans. Journal of American 
Chemical Society 63,'3273-3276. 

Walz, E. (1931). Isoflavon- und saponin-gjucoiidcin Soja hispida, 
Justus Uebigs Annalen der Ckemie 489. M 55. 



Int( 
hui 

H.l 

Univ( 

RECEI 

ABS1 

Rccc] 
(EOF 
ihyro 
inlcn 
porci 
the b 
horrr 
of m 
pord 
boun 

comi 
bind: 



int; 

A n 
grov 
Ihyr 
fact( 
shec 
198: 
expi 
(Ro 
one 
thyi 
obt; 
Tay 
rcpi 
hun 
cou 
thy: 
pat 
tox 
exa 
poi 
the 
lab 



J, Endocr. (1984) 102. 49-56 



J.i 
C02 



J. NATL. CANCER INST. 



@ 



COMMENTARY 



The Role of Soy Products in Reducing Risk of 
Cancer' 

Mark Messina* Stephen Barnes 



Since «hc iniiial recogniiion ihqi diet pl,ys a cole in the eiiol- 
.. ogy of certain cancer., particularly cancers of the brem and 
; colon, considerable progrcitt has been made in identifying 
diciaor paitcm.« associated with cancer risk. TTicrc is general 
agreemeni thai a high-fai, Jow-fiber diet, like thai consumed by 
much of the industrialized world, incrcines cancer risk and that 
plant-based diets, nch in whole gfains. legumes, and fniits and 
•egeiabtes. ate protective. It has been, however, considembly 
more difTiculi lo ideniify specific foods, types of food, or com- 
ponents of foods that influence cancer risk. 

The recent workshop on The Role of Soy Products in Cancer 
Prevention, sponsored by the National Cancer Institute, bad Iwa 

derived from soybeans, and specific components of soybeans in 
the dtetaor preven.ion of cancer and 2) to recommend iweoKh 
inmatives and approaches for further studies of the effect of soy 
.make on huntan cancer risk. The meeting was ehalied by 
Stephen Domes and organized by Mark Messina. 



Isonavones in Cancer Prevention 



. Kenneth Setehell. Donna Baird. and Bai«es discussed the 
J poienual role of isonavones in the prevention of cancer. Setehell 
reviewed the history of phytocsuogens (/), noting that plants 
were irsi observed lo induce estrus in animals in 1926. Over 
JTO planis ore now known to possess estrogenic aciivily {2 J). 
In 1946. ihe infenility observed in Australian sheep that grazed 
on a certain type of subterranean clover was attributed lo the 
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high isoflavone conteni of this plant (4). Ruminal bacteria in 

iSv!! r:*" P'""' '""lavones into the mammalian 
isoflavone equol. which, following absorption, may a„ppre:„ ,he 
pmiitapr gonadotropic axis. Equol. a weak estiogen pos«»sini! 
about 0.2% of the biological activity of estradiol. w.s^„. 
tified in human urine in 1982 by Setehell cl al (J.6). SetchelPs 
funher interest in the potent estrogenic effects of soybean 
isonavones was stimulated coineidenlally. He discovered that 

°^ "P"*" "^h""*'. which was 

added for economic reasons, was responsible for die severe 
Breeding problems in these animals (6,7). 

Setehell noied that isoPavone metabolism has been studied in 
humans, alihough only superficially. In one study, aubjecis fed 
40 g of soy daily were found to have urinary levels of equol as 
much as lOOO-foId higher than baseline values {8S). TTie low 
level, of unnaiy equol in two of the six subjects in this study in- 
dicate that the imesiinal mictoHora (/O) participate in iaonavone 
metabolistn and that isoflavones undergo entcrohepatic ciftnila- 
«ion (/O). Improved analytical methods {/J .12) have led to the 
realization that equol represents only a small fraction of the total 
amount of IsoHavone in urine and that conjugates of the soy- 
bean isoflavones daidzein and genislein are the major forms 
presenL Tlie high levels of isonavone in urine in subjects fed 
soy suggest (hat these compounds are likely lo elicit a biological 
Rsponse 03). " 

Setehell concluded hi. presenuition with a reminder (o) that 
all weak estrogens eon also have amiestiwgenic activity; (fc) that 
tamoxifen, which has been used therapeutically for bieost can- 
cer. IS suTiclurally related lo »,me of ihe phytoestrogens: and (c) 
ihai veget«,ans, who may hare a lower risk of certain cancers, 
excrete higher levels of phytoesiiogens. These findings have led 
to collabottilve studies by Barnes. Setehell. and associates (14) 
who used an animal model designed to test the hypothesis thai 
phytoestrogens have a role in reduction of breast cancer risk 
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B»mes began by observing ih«i Orieniil women, who have 
low mcideoce ra(e<t of breast cancer (M). consume laroer 
amouws of soy preduas than do most American women; How. 
fr!rr Tl'^c'' «P'«l'":'i'>n (" «nimal« are adverse- 

LnlZ . * P'"« is«n»^on«. 'he amount of 

ixonavones In soy producu consumed by Oriental women does 
not appear to affect their reproductive capwity. 

Barnes discussed the recent animal study conducted in col- 

Sv inlLT!!:" ''""'""""y chemi- 

cally induced rodent mammary cancer. Rats weie fed one of 

Zr7 ^T''''- ^"^"'^ "y"*'" 'hips consisting of un- 

composed of 91% pro<eit>: soy molasse*. a concentrate of the 
aqueous alcohol ciraci of soy flour, and aqueous alcohol-ex- 
iraocd .«,y pwem concentrate. All diet., weit isocalorie and 
-sonurogenou., a„d produced similar weight gain among the 
animal groups ihioughoul the siudy. 

■ t.Z,!r' P'*^''^-''- of ''hi* rich in isoflavones. 
SSlr"""'"^ ""non-genesis induced by 7.l2.dime,hy|. 
beMoJanthraoenc or methylnitrosourea. while the aqueous al- 
cohol-extracted soy pwtein concentrate, which had a low 
conten. of ..soflavoncs. did not. Whether Ihc .wybcans Were raw 
or cooked made no difference in the degree of inhibition of 

protea.« inhibitoraciivity. 
Barnes said the reduction In levels of mammary tumor 

paralleled the ,nh,b,„on of tumorigenesis and supported .he 
hypothesis that the Isonavones exened an amlext«.gSerf«r 
ln.cr«.ingly. however. th« was no. the ease for the soy protein 
isolate. The dectcase in levels of mammary tumor csZ« 

.nhib.i,on. he sa.d, suggesting that the antiestrogenic effect of 
sonavones may not be the primary mechanism nrsponsible fo 
.nh,b,.,on of tumorigenesis. TTretefom. Bames cotSuded the 
an„carcmogen.c activity of i.«navoncs may no. be limited ,o 
umoni containing a functional stemid receptor .ystcm. Altema- 
, live mechanisms of action may include inhibition of the aaiviiy 

ofrymsmeprotein kinases,eg.epldennal growth factor r^epS 
tyrosine kii^se dNA lopoisomerase II (/7). Ld 

It^ r,!7.u P*'""'""?"^"' women (manuscript in prepa.,- 

.al Heahh Serences about the possible effects of low-level 
envTOnitienu estrogens on health. In her study, change, in 
estrogenic .cttv.ty i„ postmenopausal women consuming J>y 
over a 4.week period were examined. Soy was chosen for this 

L .11" .^""^ ^'""y *^P«^«« «««rived 

fZ. consumption would not adversely .f. 

«y dish (l^ cup of soybean, or 38 g of text„ri«d vegetable 
P^«.n) «jd two soy «,aek^i,hcr «,y chip, (a Lsted 
«v£^ P^J-ct) or a .pre«, for cxker, made fL the^ote 
soybean. TTw estimated isoHavone content wtui about 200 



mg/day the equivalent of about O.J mg/day of conjuwted 
steroidal estrogen, assuming that the e««,genie .SZ 2 
phyt^strogen, isaboutO.I%,ha.oreonjugate3 estrogen 

Baird said preliminary findings indicate thai, comoared wiih 
control subjects, significantly mote women fed oy Sed Ln 
estrogenic response, as demonstrated by an lncre«e inT!„ * 

<ha |x.stme,,opausal women were chosen forthlsi.udy ^capte 
0 he decision lo examine the estrogenic rather ihm the Z 
l.e.strogenic effects of phmt phytoesttogens. In prcmenop«u«l 
women with ^latively high estrogen levels, the' nti« S 
effecix of soybeans may have been observed. 

Protease Inhibitors 



Ann Kennedy. David Brandon, and Itvin Liener focused their 
attention on the soybean protea.« inhibitors. Kennedy reviewed 

hibito^ and cancer prevention. She noted iha, the soybe^- 

o r/T]« r Tc""' °^"P'"'^"'«"y '"""'^l colon (23). 
Zc e\ V VZ'' "•^''^eeal cancers vol 

P^.t^ll^"'" ^= ^'^P^bUsM observations). 

IZT rf " "'^ ^" 'hese studio... do not ad 

versely affee, animal grow.h. Kennedy no.ed that the anticar- 
cinogenic efTec. of the BBI is though, to stem from its abS; .o 
nhibii chymotrypsin activity (26). but results also suggest ,„ 
tmponan, «,|e for .,yp,|„ i„hisi,i„„ ;„ .oppression of .2" 
promottonal stage of carcinogenesis (27). She Mid in vitro w^J 

cells lo the malignant stale even ai very |a,e suges in car- 
cmogenesis but .hat Ihey have no effect on cancerous cells (2* 

ZThoT °" -«'^^ic„ic ptocess. They have also 
cinogen-induced protea.ie activity (29). 

Kennedy said recent data suggest ihat die ontigrowih effects 
IZTT"' """"""'^ '° P~«'« inhibitor, 

hra'^^J^r"'^""'''"'''"'''''"^^^^^ 
.ren Da^^ir'i''''''""''"^ 

iranZiT^^ cn^gemen, and protease inhibitors ob.se,ved 

vftrcomi ^""'P* <^'>- "•«< in 

vitro compansons of the pure BBI with an extnici of soybean. 

containing BBI indicate that the activity of the^olbew e««e 
m v^o uidy suggest, that the extntct may contain an addition' 

hSor^.^ «PP">«™««'y 50% ptptease in- 

htbitor ihe remaining content is unknown, but it may include 

f "L' -^''""y 'c^'J» of protease 

by humans by modifying the diet to include My product, 

.oS'^dToJ'l^ of protean inhibitor, in 
soybean, and ,oy product*, noting the concern of the Aerieul- 

Agnculture (USDA) over the possible adverse elfeet. of 
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protMje inhlbiiof Intake In hununt. panicuUriy In Infuin {32) 
6nzyme.|,„ke4 immunowbeni w.yj (ELBA), using men- 
eclon.1 .niibodies. have been developed for (he me«ufen,ent of 
two differtni protease iohlbiiors found in »ybeim>-BBI and 

suhable for quantifying residual protease inhibitor levels in 
foods. A vanety of processed soy products, a series of soybean 

Collcciion. and the soybean Lioline L8 M590 (lacking KTI) (35) 
hove been anatywd. Brandon noted ,hat an imponant observ.- 
iion from the EUSA analysis of heat-tmated soy Hours derived 
from the isolme was ihat KTI. not BBI. is responsible for the 
heat-siable acviiy of commercial soy Hour that inhibits Uypsin 
activKy 136 J7). 71.0 microenviromnent of d,e soy llour .ppear, 

fTiri?l'°w'"r "f."'""'""" 8««="x«cn. thon i. nf- 

• u ; contrasts with the results of ivork show- 

ing that BBI is rclalively heat sable In ,he pure form (ia). 

^ Moisture, far contcm. the presence of agcni. that influence chan- 
, S« ""'■»in<fc bonds, and inieractions with other constituents. 

' « ca^ohydrates. appear to inOuence the denatunition of 
innionors (jy), 

Brandon "W analysis of infant formula has revealed that ac 
live KTI and BBI, when measured on the basis of weight per 

soy m. An infant on a diet consisting exclusively of soy for- 
mula would consume about 10 mg of active KTI plus BBI per 
<lay. In toasted (autocl,ved) soy flour. 20%.30* of the KTI ae- 
tiviiy rcrnains. while all of the BBI is inactivated. Analysis of 
ofu (soybean curd) has itvealed iha. ,he p,otea.« inhibitor con. 
ten vaned signiHcantly among the samples, from 4 to 30 ug of 

protease inhibitor content of several soy protein isolaies also 
vaned. as rnuch « ZO-fold. Not unexpectedly, there was also a 
wide vanation in the pnjieasc inhibitor content among varieties 
of .soybeans. Brandon suggested that food-pitscessing atraiegies 
could be combined with genetic approaches to optimize the 
protea.« inhibitor content of soy pitjduets. 

Liencr reviewed research on the potential adverse cffecui of 

nxuminp nrnf a*«k:k:..— . 



k velf of endogenous protease enzymes, panleularly iiyiHin and 
chymPttypsin. .wo entyme, tha, are rich in these' mTo acTd! 

Cornmenting thai paneteaiie enlargement apparently stems 
ftt,™ elevated .ervim level, of the honnon. eteSo „?„ 

Uner commented that pancreatic enzynie secretion i.MveS 
related o the level of trypsin in the intestine. . process 12 

by choteeystokinin. 11.1, hom,one stimula.es^^7.„T. ' J 
pn«l«ce tiypsinogcn. but because the ptotease inhibito^^J^^ 

release of cholecysioklnin is eliminated (47), 

Liener raised the question: Can the effects of protease In- 
h*.,0R m small anlmab be extrapolated to humans? A negative 
feedback system in humans has been observed (<«). Direcilv 
^JW.b^.ng BBI or ..w soy flour ,„ 0,c duodenum causes a t 
crease ,n secreiion of pancreatic enzymes (48) and in blood 
IcveIsochoecystofcinlnWP).(BBl. in contrast to KTl.su.^^ 
tn gastne j„,ce.) Despite these observations, he said, h H no 
possible at (his time to aecurarely «sess (he health consequen- 
ces of consuming processed soy products. 



Phytoslerots and Saponins 



... puicnuii Bovcrse eilecu of 

^nsuming prolea.^ inhibitor, first noting that most work has 
been done with small experimental animals (4 J). ConsumpUon 
of raw soybeans has two major effects: growth inhibition and 
pancreatic enlargement. Rats consuming raw soy flour for ex- 
(ended penods develop adenomatous nodules involving acinar 
cells of the pancreas (42). Additionally. n,w My flour consump- 
tion potentiates the effect of pancftalie carcinogens (4J). In • 
study by Lienor et a] (44), heat treatment of raw soybeans al- 
most completely eliminated this potentlatiin. while the addition 
or protease inhibitois to the heated product lestored most of the 
pancreatic enlargement observed with raw toy. suggesting that 
proiease inhibitors are at least panly responsible for panereaile 
cnlargemeni, 

Liener noted that the varied response lo raw soy flour among 
species is partieulariy important. Rats, mice, chickens, hunsiers 
and young, growing guinea pigs all exhibit pancreatic enlarge- 
ment in response to protease inhibitois. while dogs. pigs, calves 
and monkeys do not (4S). Growth inhibiUon induced by soybean' 
product, i. thought 10 result from a deficiency of the sulfur-con- 
taming lunino acids caused by the dranwtic increases in fecal 
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r,, ^ X'P^'^^'^ '"W'nee for reducdon of colon can- 

cer n.k by phytosterols and saponins. Both substances are c^. 
moi^ con.«ituents of plants, but the concentration in soybeans is 
panicularly high. Phytosterols are strucurslly simili- he 
«.nn! sterol cholester,,|. Tl,ey inhibit choles'emi ."so^ on 
and are almost quontitauvely recoverable in fecal material, in- 
dicating that very httle intesdnal absorption occurs (SO). 
•i^fT" r* ""■'""'"'^••"'wor phytosterols to the diet, par- 

Z r " Po^n'i'l'y «« impor«nt source of 

"f^ «rmemen. and hydrogenarion. phyto- 
Sterol levels are reduced from 315 mg to 217 mg and 132 mg 
respectively per 100 g of oil W). Dietary phytosterol intake 
among popiilations differs dramatically, the typical western diet 
contams about 80 mg/day. while Japanese and vegewrian dS J 
provide about 400 «,d 345 mg/day.l^pcc,ively (j|5^ 

In addition lo the phytosterols. whole soybeans contain iig- 
mfican, Mnounts of saponins, about 5% of dry weight (54). 
while tofu contains approximately half that much. Saponins ate 
amphophilic compounds having surfactant propenies and like 
phytostemb, bind tocholcsieiolond bile acid, 

and soponm has focused on their eholesteml-lowering proper- 

cinogens. In rats. p-s.tosten.|..upplemented diets (0.2% by 
weight) ...hibit chemically induced colon c««er 55) „d 

duc«^ colon cell proliferation and mitotic activity (56). Diets 
containing phytosterols «i |% by weight u, well tolerated by 
experimental «umals (ST). Dietary saponins from soybeans Ji 
o*er seuroe. have been shown ,o enhance Immuni^ (5W«. 

^Z^,u/J;f^^ """"^ 'PiOcimoid cor. 

inhibi. Ep.,e.„-fl„r v,r«. genome expreuion (64). Saponin-.u^ 
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pkmcnted d.cB (1% by ,,clih.>. « is .he «« for .he 
v„y induced by c^.nogens (Rao AV: unpublished observa- 



Inositol Hcxaphosphotc 



rid«,r T f ' '"""^ conelaiion becween the in. 

Ion ideirl • • °' f™'"- v*6elables is 

considered, ihe inlemat onal data succesi thai «h*n. . 

negaiive eontlaiion between fP anTrl 

S!ri'- ^'"'7'?"^ " - « 

Oraf noted that most nuiriilonal intei«si thus ftr h*. f^.. a 
on .he inhibitor effcc. oflP. on mine« aJo^l^'V^^''"^ 

cium zinc, and mn (66). However, he said the abilirv lo WnH 
met. ions, panicuiar,, iro„. p^^j,. , ° W"" 

-;ou,habso..onSorAptpS^^^^ Zll 



Duke noted that chemical variation is not limited .1^ 
l»n.vone.. In aemc Instance. „ much as a nvefeM ^ 
was found among diffcttnt phenolic .clr«y^^^^ T"": 
Which have also been investigated as pctc^JZ^ZSs 

Isonavoncs In Plant Physiology 

Renee Kosslak described the rale of Jsoflavones in def«« 
««teg.e, „,ili«d by plant,. Wants praducc .Tde ± 

vival (7(5). TJie isonavones daidzein and genistein are iht m.)L 

WhSr^'oM ^'SXteTer 
Which form nodules on soybeans (77) "««sn«. 

wey^'TliHT*."'"'*" 'n plant, is not 

well understood, in pan because of the limited number of .« 
propnate mutants affecting this pathway (7S.79) hsoyt^l' 
near-isogen c lines that differ in their n«o«sc2^T4' 
being «.min«l to detemtine whether they «e rS^^T^LZ 
regulation of isonavone synthesis (SO) fn«« J-,^ * 
;=« nuorescence i« soyt^-t.s^II^I'^^I^b^rir.l^ 
There are five loci that affect not nuortacence (SOi .i 
U-ough specify substances .^sponsible for j;;«p^^'^^^ 
been ideniified. isoflavone, «e thought .0 be invoS pIk " 
-O' data indicate .hat d,e levels of d.id« in tnii^^''^' 
or Tbir n"'' : " " •"'^'-^'S-. we« f Sue i 

.its Led « r^T'' ""^ nonnuoreKcn. 
isolines tested (Kos.,lak R: unpublished observations) 

navones and/or phytoestrogens as imponanl dieiarv f«c.o« i„ 
«ncer prevention «,d if ,hc demanrrsoS ^Sl J 

|he« compounds ,„ soybeans, using «o, fluorescence « a 



Phytochemlcal Variation 



DukTs^ne?!*""?'*'' C^'^hcmieal variation in soybeans. 
Duke staned by noung that there are over lOOOO nJL^ Z 
numbered varieties of the common «,ytean C/2 Z 

rciauve now known as Aplot amtrieana, which is an edible 
«oi wiih more protein than is found in pouto (74) 

J^JT,rT "y"*^ "tmendously ac 

i^oun^ Ir • '"'y -la'ivelj^nior 

h^oW ""J""" -hich occur in 0^ 

hypocotyl although one common isoflavone. genistein is found 

«^ned d flerences in isoflavone content accoiding to the 
^c.,« of soybeans «,d the year harvested. OnTstSdi (75 
^poned a thitefold variauoo in total Loflavone eont!m If, 

•mgle v«iety of ioybMn. over a ♦-year period. ^^^Z^^ 
« boflavonc. varied « mucj sStuI^ZZw 



Soybean Processing 



durerfJ/?ri^"'"^ P«*«»ing proce. 

<Iures W/^J). Solvent extraction is the pn'maTv mtihnTlf 

« thS cant'^^^^^^^ « 
89* il?!. 7 . • '""'"SapWuctthalisSShypoeotyl 

.S^ h'""*- P^Hlxcing defaned flJce. and soyS 
Frem the defatted flake, come a variety of produco S,h . 

m^^rZ niura^d'i^-*''*''^^^^^ 

.^pe^r^rS^ 

l^^yTou^'fo^^aillr''""'"'"'"''^^ 
Szuhaj noted that miisi soybean produeilon tad>v i— 
feed, while Oie «.y p^tcln ^L't^'^ 
n-rteied primarily for dteir muWfk.nalon.1 pn^ni? .S. « 

added to a wide v«(ety of food.. r,«, cere.,. ,0 chili. S<Z 



/oumalof d« NalonJCanor Initliuto 



nie.. pr^ucu. .uch « gmund beef, eoniain «p ,o 25% ,oy 

Z^llT": "":" r^-"' cam«ns 

since 1983 and ,„ ,r,e federal school lunch program. 



Discussion 

"""^ -"^ ».S<s. SS;^ 

This mcthodo bey will nWnw r^r va "'7' °«cnbcd. 
studi« -n^.VM 7^. ■"^'^ '^"^ valid comparisons amonB 

selecting specific soy products ror use in fuJdi^wiy 



SBTCKtu. ICOR, Waj.1 MB, Lm CK' Hi.k .^^ 

whh «ItniWolct. electmchcmSl .nd Sc^J^ !r " P^^""*"-* 
^ectfo«.Am«eitj.ii,;EUe»kf l«7 "»«'^P"y m«f ipcctremciric 
(/« Bawuch W. Cowakt JE. w.^,, mb. tr au TV u« „rii^ 

««d itriKtufil Ttrincicn of ph«i™ii.^^J^^^^ (<ltniinc.,ion 

oc«trogcn.-Rcc.n..i«dS^Acfori^^^ Ph>«^ 

^<*<": Ac»dcinfcPt«,. im.pp 513-343 ^ »n Twlclij «d C.nc,f. 
(/« B*»KBS S. Qwtui C, SemfEU KDR tr wu. . . .. 
»um«. In modeli of bfei^«t„ Mu^^»i? 



References 

Efacvier. ejSs 'A. edt New YoS: 

I97J *n»»fcmlliy aaenu. H.i phmn Sci 64:717-754, 

BSNNerrs HW. UNOe»w«Mi Cl e,,^ n . . 
»^ecp on .UU rri^T^^"''"-^**'*^^^ 
22:2-12 1946 AwtnlU. Aim Vei i 

lj««c. In Do,. Co.. M«o,cr. ROc»l Republic rfCem,»y. Sc„ 
Nuir40:3M-57ri9i '"tnooc^pcndcin diieue. Am i Oln 

'''' f^J^li^T:^^^ 



VoI.83,No. B.Aprinr 1991 



UJ) StCUih WH. BoiJNos » Ta.-w i* , 

hydi«EM,lnd«ced c.»cloo«;»«i*T^ 1^ 1iV Supprcttloo of dinKlh/l- 

I0:2«J.2277. IM9 P'««« "*lbi.o,. Ctiaojene.!. 

(M) Vavelow J. Coum M Buk V >r u 

6l:S».2jg,7^„ "** AdvendT,.. C«c« 

01) OuMMwNN MR. SfANOua WL On^.nu ^ , . 

.fEn.rme^Sl^Tj'^","^^"*^"^''^'*''*'^^ 
I9U.PP 13.79 "™ «""™" New roit; ntBum, 

S3.-97-IOI, I9in '~>«l«»»l iiuibodici. J Food Sd 

P*od Oiem J7:l 192-1 lOfiTro '""IMwof «j*c«». J Agf 

»Maotolted.(PriedZ^M ,ir»r™vS^^^ 



COMMENTARY 545 



Agent* (T>oU W. Kaitita^AKZTNV^V^ ^ Chcmoprcvenilvc 
7-71 "** ^"ffc: Academic Pic», |9S0» pp 

Wl MorCah ROH. Uviion Da Hofwnv. r» i» ^ 
0« MaimM) I. PKoii KJ Cam,-, IB . 



<07) 0«Af E, MArKMftt JR. BurAM- RO rr a. . i« 

(phyuic) on ihe ft»cUo«iS1l!;»fLf f '^'^ Ph>^ic -cM 

R^nrM A II..... A ^. 



f«l«)»ciiaii 16:1595-1 wa 1989 '^^""""""""""•'Wtuiiii.. 
«oo«cnc»b IO:MM2(i. iggi ^ induction by uoxyiiKThtoe. Or- 

B3U:4IM2i.l9M "■*"■"<«■ PWIo" Tfw, R s« U»<f fBiol] 

■lA«wtt»ndU.ili«,|,»7v^f'"2r£?^'r 
W) C««w. MP. IUaw wr?A„S.^cl*!!' ' W 
'« New Pmait ftaU: Snd S^" ?^ ^'f"'' P™'"" 



ioum.1 ofihe N,rton,| CW [n.llniie 



CANCER RESEARCH, vol. 48 . ,(.22.)., .19.88 . 6257-6261 

.Use of a Manunalian Cell Culture Ben2o(a)pyrene iMetabolism Assay for the 
Detection of Potential Anticarcinogens from Natural Products: Inhibition of 
Metabolism by Biochanin A, an Isoflavone from Trifolium pretense V 

J6>in M. CdSSidy,- Thomas M. Jennie, Young-IIcum Chae, Mark A. Ferin, Nuris E. Portunndo. and 
William M. Baird 
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BwcJ on tlit Cpidemw>liij;i«il eridvncc Tur & rclatloo^hlp bclwiid 
cortstmiptiftn uf ccrtsiu fftods an4 dccrcRscd cancer inddfoce in hnnnns. 
an assay was dcvf loped lo screen and fifactfon^ic ^Ij^t cxuactj fur 
thcniciprcirenfive p(»i<;nUd1. Thi* aisiiy ataaurts effects mi ch6 memlw. 
lisin of pIIilKn2o(fl)pyiene lB(ft)?J in hamster embryo c*U ctUttires. 
Screening of several plant extraos Hus gcneoiwd s pacnhcr vf activity 
lotds. The 95% elbyl alcohol cxlrflcl of one of tlicso ictlvcs, Trifctiam 
prattttse L, LcBumiogsat red clorer, significanUx mhibifed f Ac metabo- 
lism uf B(:Of and <*ccte:yfd the l«n:l vf ^ndin^ of B(u)P to DNA by 30 
In dn%, TJjtint: actiriiy-diVcdcd fraetionicioa by solvent yonSrfonlnc and 
ihca sUicn gel chrowatogrtipby, a niAjor ncrtve compound ti-as isoLncd 
ind fdeorificd as ehe (snflavone, biochanin \. The pure compound dc- 



glumrhioDC S-'^mnsfcrase activity m liver nnd intcsiUial laiicosa 
of wicc. fmiical assays for aciiviiy-dirccted fraciionaiiou of 
active plants niust be rapid, sensitive, convcaicni, and capable 
of delecting aUcrndons in carcinogen metabolism. In this paper, 
we de5Cfjt>e die development and application of an assay that 
measures effects on ihe mcubolism of i'>lJben2o(a)pyrene, a 
wdesprcad environmenlal carcinogen, la eariy passage cultures 
of Syrian hamster embryo cells f6). The chemical and analytical 
procedures developed for acUvity-dircctcd fractionation of an- 
tineoplastic compounds from plants (7, 8) ^-crc adapted lo ihc 
isoliiiior. and identiHcatiou of potcaiial aaticardnogcns from 
food and food plants, such as red clover extracts, wMdi sijmif- 

-..w .fi<.u,M4«< 4.J iwiisTiinc, oiBcmimn /v. i tie pure compound dtf- :**«iiu * . u i-jl c% , * , . . . . 

crmri .Ik- ncuboUw. <.rBMPI>yS4« .-ueonpiHson b. cuiitaI «!«,« ' ^dJ ? of l)cnzo(B)py«iK and bmdiflg 

' 01 U(a)f raciaboutes to DNA. 



and deaeascd B(a}r-DNA binding by 37 to 5(1% at a dose of 25 Mg/mJ. 
Thtsje itvdles demoRFtrjtv thst the hydrocaxbDn metabolism a^y can 
detect nnd ijuidc lltc fmctidniiiiau of potcniuil nnlicsrcinnRcRS tcum 
pJanis. Ilie nbui<y of' the Itofiaront biochfloin A lo inhi&it cnrdaogen 
activation in ceDs in culture suggests thjf iH?{vc ^tudia ofthui c^mputmd 
UN u pAtcolial chcffinprcvcnfiri: agent tuc mirraoied. 



rNTUODUCTION 

Unmans arc exposed to numerous carcinogens nnd mniagcns 
dally, some avoidable (such as cigarctie smoking) and some 
viruiaUy unavoidable (diet, environmental poUnijon, oxygen 
radlc4ils). The diet has iKrcn siiown to have a profound effect on 
the incidence and location of various human cancers worldwide 
(I. 2). and epidemiological studies suggest thai certain dietary 
components may help to prevent cancer induction. This pro- 
phylaAiS has been termed cancer chcmoprcvcntion. Wattcabcrg 
(3) hos dcnioostrated ihat such ^cnts may inhibit ciinccr in- 
duction by a number of mechanisms. Oiw of the more coiatnun 
mechanisms h through inducing altenitionii in the cn-^ymatic 
:;)cdvailon or detoxificariun uf carcinogens. 

Although many biological assays have been used \o examine 
the chemopnsventive potential of various chemicals, there have 
been relatively few studies using activity-directed fraclionatioD 
to iaolattt active compounds* from plants. In addition, it is 
tmpructical to use in vhn modcl$ to gaidc tlwsc procedure^. 
Loub CI ai. (d) used an actHty-directed fractionation procedure 
hitscd upon inducn'on of aryl hydrocarbon hydroxylase activity 
in ihc liver and intestinal mucosa of Sprague-Dawley rats to 
isaJace and identify several indoles from craciferoTis vegetables. 
Kawcol and caffestol palmitates were isolated from green coffee 
beans (5) bxsed upon an assay that measured the increase in 
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MATERfAf^ AND METHODS 

Spectfoscopynnd Chforoafography. 'H NNfR in dcutcriochJoroform 
>ntt pttrrormtd it^lns a Vorian XL-200, and NMR in d4Lierii>- 
chtorofomi was measured on a QvcmacJieties A-2U0 spectwrneier. EI 
and a maas spectra wrc . obtain wf oti a i-1;inig;in do.23 qu«dnipulc 
mass spiscu-omctcr. Kigh-re.<AluiJOn mass Rpcctra wtni recorded no c 
Kratos MS 50. The IR spectrum was performed on a Bedcnum 
using a KBr pcUct. IIV spectra were mcasttrcd on a Bcclcmfln I)U-7 in 
methyl alcohnl using sodium mcth(i»idc, AIQi, FTOI. and sodiuni 
nceiace as UV shift reagents. 

Kar flash column chronvitojr^iphy KM 9385 SiJica Gc) 60 ujscd 
frtr \ht adiiorl»fiftL Riidial ehrtimatftftriphy wtt pcrfofmcd on a Chm- 
niaioirou Model 7924 using a 2-, or d-mm rotor with EM 7749 
Silica Ccl €0 f»K 254 as adsorbent. TLC: plates were Merck 57 J d Sitka 

Cell pilturc Toxicity Assay, Hamster embryo cell cultures were 
prtp:ued and grown as described proiously (6), Tertiary culturrs were 
plttled in Ki^mm ptaM^ diiiha (Fakun) (5 X Itf cca^), and 24 h later 
the test compound was adddd at 10-foM dilutions from 500 ;xg/iul of 
mcdiam to 0.05 itg/ral for 24 h. Ai rhflt time the cultures which were 
Si.p^mx\maxz\Ti 70% cunllpcnt were wiimliicd mlcr^wcapieally and sub- 
jectively cvaluawd for Ihe perceniage of ihe cells dividiiifi and the cell 
density. The highest noninhibitory dose was selected for metabolism 

Ktutlicx. 

B(aJP Mctalwlism Aasaij. Tertiary ham.<itef embryo ceD culiures (10^ 
cells per 25-cni* flask, 3 flasks per group) were plated in 8 ml of medium 
etmiainin.tt W calf scrum ;ind nrfol with 8 ml offrtsh medium after 
48 h. Seventy-iwo h alW plaiidfi, ihc cultures were uealed with the 
tcsi compound in DMSO or DMSO ns a control ond 30 min latex |^HJ- 
B(a)P (1 fiK/ml; spcdfie rudiwictivUy, n.3S Ci/mmftJ) waA added. 
Tweuly-four b later medium f/as rc3iioved and stored « -20*C. Ali- 
qwots (0.2 ml) were extracted by a two^stage chlorofonn:ircthar>ol.-w«rcr 
procedure (6, 9). The assay usra iniiid miiinR with a vortex mixer in a 
single-phase system of chlororonn:methanol:water (UKluding the me- 
dium) (1:2.*0.8) to ensure complete extraction of the lipophilic hydro- 
cOfhiln and iLs metalfolilot folhiwcil by addition of 1 mJ of chloroform 

* Th< *t*rt*ht.W ut*d nrt: n(a)P, l«rtyfl((iX»y«ne: Hri-C, hijli-perforraatKe 
liquid chromsioSfMphj; TTi:; ihh»-byor ch/pmaiOAfai>br. NMR, nuclear tiug-- 
nclic rc«in»nee; MS, mass sptctnim; BHa, huiyljicd hydfoxyinUolc: DMSO. 
dimethyl sulfoxide; B(a)PDK, 7,a-dihydroiy*9jo<jjf«y,7,Jl,9,m-ictr»hydrn- 
hciuo(fl)pyrcr.c: dCuo, dcoxysaaUMlnc. 
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fidd I ml orMralerond ini^inj* with avortc« mixcT. After eentrifugaiiop 
*fof 10 iMlii. Ihc aqgenufi phase »tas removed vntl cxmictcd with 2.0 nil 
of chloroforoi to casMn complete extractinn. The cbtorororm eictraa^ 
were then pool«J, and the r;idio,icrivicy In the uremic and utjueous- 
r.i^lluiibl phasrs wjit n)cM;airc(l hy liquid scincill.ition vouatiniR QfO.i- 
nil oliquotx. 'Vh\s cvtraciion proccWurc re&ulu in iccO^cry ot unmcla- 
t>oli-zc*d U(a)P and Fh»(c 1 TncmbohrcK (dihydrodiols, qnlhoncSt and 
phcnckU) jn the chloroform pbasc The wiiUr-«oluhle mcubolires hi- 
rJpding glucuronides and gluuthione coijugates and multi(ite O'klHtioii 
producLH arc rcLtincd iq the aqucous-fncthflDol phase. Shice Ihc larjtc 
majofily of the m<:Ubt>Iitcs fwrrowJ from B(t()P in hnmsier embryo cells 
are water aoIuMc fuAtnllj gruutcr than 50%) (6), (his assay provides a 
rapid Wjca5ure rtf n(a)P mitabolivm. 

BHA, a Jctiown inhihitor of cardnattcncsis ami Tl(a)P mctibolistn 
(IDX was used to Ireal a poMtJve c6nlrA| group ia all a^ts^ys ai a 
cttnccTitrnrion of SO ^ig/cU of medium. The hl^esr nontoxic dose of 
BTU was sdccncd from ronltlplc cxpcnmcntt usinfi diflercnt hiirtSter 
embryo cell prepiimUons. Do&tii ofTi. 65. 50. and 5 fig/hil of medium 
were tested, aud the results show that 75 Mg/ml wen: Uixic «T]d 65 fig/ 
ml exhibited tHirtlLrlinv ti^xicityf white 50 sho«red a ftisniriuLit 

iiiliibillon otB(a)r mciabolLird witJt no cell co.\idty. The lowe.« da<tc. 
5 uSJjnU produced no significant iahibirion of fI(,i)PmeiaboUsm, Usinji 
BHA as a pnshivc control pvc us an intlicttitin of the 'health and 
viability of ilie celU in the culture ibi^ay for Uiat ponicuhr cx peri meet 
oud helped eliuiinau false negatives. 

Analysis of B(a)I» Metabolites. The B(a)P metaboJites in the orgartic 
ph:isc were analyzed by Hl'LC on an UIira!fphcrc Cxi cohimD (25 cm 
X 4.fi mm) clutod with u mcthuniil: water KrnJient as described previ- 
ously (6), UV absorbJjifi siflrtdards of auOjcnUc B(a)P m«tclwliU*s 
(C3icmic;a Repositoo^, Division of Cancer Eriobgy, National CnflOcr 
I Instituwr). wac included in each HTLC analysis. The radioacrivity was 
monitored wich a FlcMmc I'^l flow monitor set tu update every 30 s. 

BiftdiJiR of B(a)P to DNA, Tertiary hojnsier embryo cell cultures (5 
X 10' cells) were plated In 175-cni' flasks conialnlng 50 ml of minimal 
essential inediura ^lih 10% fetal bo^-ine seTVixi. After 2 days the cullures 
wuro rt'fctl with fresh medium and 2d h later with ihc iwr compound, 
€tt exlraa in DMSO v/n^ added. Five to 10 min hier the cwlliircs were 
Irtaled with f'n|B(a)P (I pft/ml of medium, 0.5 mCi/nasl). After 2a Ii 
of incubation at 37X the cells v^ere hantsted. and DNA was tsolatcd 
as described previously (ii). The radioactivity in an aliquot was meas- 
ured by liiiuid scmtJllation coimring, the «mouni of UNA was deter- 
mined by AwA und thtisc rjJuea va-re tiseU tu calculate the Icve) of B(a)I^ 
nietabotites bound to DNA. 

After enzymatic dcfirodation of the DNA lo deoxyribonudeasidcs, 
the B(a)P:deoiyribonucleojide adducts were isolated hy chromaiofira- 
phy on Scp-PaV C:» cartridges and anal}'3tcd by HPIC on a 25<m ^ 
inifHiphcrc C* rcreivcd-phase e(rlumn (ll). The coluum was 
eluud at n flow rale of LO ml/mii) with meiltanobvater (46:54) for 3* 
Clin, a linear gradient for 10 min (46:54 to 55:45) and ai 55:45 for 24 
inin. Fifteen I.C-ml fracriofis followed by 165 fractions (OJ mi) were 
ansl}7;etl by Kcintilhitiun counting. 

Plant F.xtnictinn. l,eaves, stems, and ^ow^;f^• ttf Trififliurrt prcUtmScL 
(red clover) were crtllected. A vouclier sped men is fin deposit in iK* 
biology herbarium of the Depanmeni of Biology, rurdite University. 

fresh plant (918 g) was erotind with 2 liters of ^sa cihyl alcohol 
in a enmmercial size Wwing blender for 5 min. The blended material 
was then alhuvcd to vtand for 30 min to complete the citraedan. The 
material nas then fillerttd thrrtu;;h a Bichner funnsl, and the filtrate 
was coaceniraied in vaato lo give 46.5 g of the 95% ethyl alcohol 
extract. An aliquot was dissolved in DMiiU and submitted for leslinj. 
The 9^% ethyl alcohol extract was found to be active aud (licrcforc was 
then furtKer partitioned according to the scheme shown in Hg. 1. The 
te:f|ing data aru sho*Ti in Table 1 . AH fmiiions werc tested at the dose- 
response dose which was dellnL-d as the percentage of ilic 95% cth&nnl- 
extractable maierial thai the fracUon represented times the dosi: of 95% 
cihiino) fraction used in ite metabolism assay (in this case, 750 (ig/ml 
of medium). 

IsobCion and idcatincaliiui of Active Cftmpcinvdls. AluiuoL<t from the 
sohtnt parlitioji were submilled for lesling. The adlve CIICIj fraction 
was stibgceied to silica gel flash column chromatography with hejcane, 



CHa*, ethyl acetate, aoetoae, aceiane:niethyl alcohol (1:JX Aiid HaaUy 
methyl oIcoKul. NJnc fmctioirs were collected, and aliquois n'ero calcen 
and submtlled for lestln;;. The column frtetton which was active at the 
dose-response dose (Fraction ID) (see Fig. 1) was fonher cbromaro- 
graphcd by eentrifpyiit silicu gel TLC (Chromatotron) usinK A CHQ^^ 
methyl alcohol soWeut fxadicm starting with 2% meihjd alcohol in 
CHCl}. 'Jftc fr;)cf!on$ which were collecied were combined nccordio}* 
lA the presence of similar spots wlicn aualyzed by stltca gel TLC 
developed in 2 $5 methyl uleohj^l in CHri]. Ua>icd upon chis^ the sampler 
were combined into seven fractions which wut tested for their effects 
on B(n)P metabolism. The most active fraction (21)) was further sepa- 
rated on another fiiHca gel Chnimatomin plate developed in a CHCl]/ 
methyl alcohol gradtcui. Based upon TLC profiles ehunts were com- 
bined into three fraetiomt. The most active fraction (3B) contained a 
m■j(^r cAmponetit. KecrysiailikoiKVi of this fraction from aqveotni 
methyl alcohol gave a dystalline miterial, m.pL 217-218'C A sample 
<sf fluUieatic hiochanin A was purchased from Atdrleh Chemical Cb„ 
iu.p.Cl«-219"C A mixed m.p. showed no depression. The UV ,ird 'K 
NMR data were identical to literature values (12), and the MS and '^C 
NMR data were eonsi^nt with the published structure. 

£xaintnatiott of lite interface fraeticio, wbieh was active tx 2x the 
dose-response dose, led to the isolation of additional biochanin A, along 
with On analo^dc, fgrmononcti'n (jcc Fj^!. 3). Forraononetin was inactive 
In the metabolism bioasfay. Biochanin A r^preMOled obool 30% of the 
interface fi-action. 

RESULTS 

The results of bioajswy-direcced fractionation of the nctive 
ethyl alcohol eyttOTct of red clover are presented in Fig. 1 sod 
Table 1 , The ethyl alcohol extract was active at doses jDrom 500 
ng/ml to 1000 Pg/ml; however, toxicity wa$ detected At die 
highest dose (see Table 1). Further pardtionirg of the active 
ethyl alcohol eviracr was dose responded from 750 /tg/ml After 
partitioning between chloroform aod water, the activity Ap- 
peared in the chloroform extracc 15xamination of the imirface 
which was active at t^ice the dose-response dose confirmed the 
presence of biochanin A. ChromotogMphy of the chlorofonn 
fraction gave active col«Tn)i Fraction ID, This fraction was 
carried through two separations on the Cjiromaiotrou to give 
in turn active Fracrions 2D on 3B. Ctystallizaiion of Fxaciioii 
3B gave 30 nxg of the active coustitueiit, biodiafiin A. Fractions 
M, IB. 2>i. and 2F show activity at twice the dose^rtspoiisc 
dose and are under further investigation. The B(a)P metabolites 
present in the organic phase of the sample trested with red 
cJovcr extract at 500 ms/im1 were analysed by HPLC and the 
amouiil of tiu m^or primary B(a)P ^netAbolites was deurmined 
(I'ig. 2). The two m^or diangcs were a slight increase in the 
ninoito: of d-hydroxy-BCa)!* and a mt^or decrease in ^e nmoimi 
of waicr-soiublc metabolites in the extract-treated group. After 
/?-gluCuronid;\sc IrCntmcni of tJie aqveous phase, the amount of 
i)-hydroxy- and a-hydroxy-HCa)? in the red clover eanraci- 
ircaicd group was reduced by 30% and 22%, respectively, wlien 
compared to DMSO controls. The water-soluble metabolites 
were also decreased by 189^ in the red clover extract-treated 
celb. Thus the miyor ciTcct of red dovcr extract was to inhibit 
the formAtioa of B(fl)F-phcaol giucurooidcs. 

The effect of the crude cthyi alcohol extract on the 
binding of B(a)f to DNA was also examined (Table 2). At a 
dose of 250 Mfi/ml Ihc extract inhibited B(u)P-DNA hbding by 
30% to 41% comparred to controls in three separate experi- 
ments. Analysis of die B(a)P-DNA adducts present In cnzyme- 
digestcd DN A samples by HPLC demonstrated tftai the extract 
inhibited the formation of both the syn- and uiirf-isomers Of 
B(a)PDE. The jyn-B(a)rDE-dGuoadducts decreased Cfom 37% 
to 64% compared to controls and the (+>-anfi-B(;t)PDE-dGuo 
adduct decreased from 48% to 75%. 
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The effect of biochsftii! A on the binding of 13(a)P to DNA 
in ham.ster embi^o cell cultures wax abtu CAamiaed. Biochanin 
A cau-wd a $4% decrease I'lj ]B(a)P metabolism at 25 pfi/nil. 
After exposure of cultures to 25 /ig nf biochanlrt A ;ind 1 of 
l"^H]B(a)P per ml of mcdittm for 24 h, biochanin A trcniment 
reduced the amount orB(a)? bound per mg ufDNA frosi 74.3 
pmol 171 rbe control group to 35.1 pmol in the bioclianlp A 
group in one experiment afld from 72.2 to 45.4 la a second 
experiment. Thus, biochartia A inhibited the bindlag of D(a}>^ 
to DNA to an e;ctenC similar lo (hat obtained in the crude 
cxir.ict O'sWc 1). 

DTSaiSSION AND CONCLUSIONS 

There ore several btOdssayS which are under investigation for 
the detecron of cumpouads suspected of ha\ing potential can- 
cer cliemopreventivc activity. Aniimatagenic activity In the 
form of an anti^Amed assay has b«on commonly used in ihc 
Uluted Sutes and Japan (13. 14). Mitscher d al (IS) used this 
btoa.ssay to isolate and identify glnbrene, a known tsoflwcue 
ex))ibiting ontimutagenic activity. Nishino el al (16) used the 
an titumor-promoting activity of^l)ryrrhetic acid against 7,12- 
diniethy1benz(a)antbracece and Icleocidin as a model of cancer 
prevention. The decrease in fortuaiion of carcinogenic yv-ui- 
troso compounds produced by ot-tocopberol and a^'orblc add 



was usL'd as a criierion for chemoprc^cntjon by Narkus et cL 
(17) and Menish (18). Saldyama ctal (19) used the inhibition 
of Lfansfonnation of the mou£C IOT/2 cell line induced by X- 
ray or yV-mclhyl-A^'-nitro-N'-nitr03oguajiidine as u model to 
show the anticardnogcaic effects of lipopolysaccbandes und 
iadofflelhacin. The induction of aryJ hydrocarbon hydroscylase 
activity in liver and intestinal mucosa of Sprague-Dawlcy rats 
wa.s used by Watlcnbcrg ei «/. (3) to isolate and idenD'fy a group 
of indoles from cruciferous vegetables (20, 21). Another screen 
hy WaitcnbCfg ei aL (5) used the induction of glutathione $- 
transfera.ve activity, a miuor detoxiHcation Cbzynie system, for 
a nninber of electrophilcs, induding many carcinogens, in 
mouse liver and intestinal mucosa to Isolate a group of known 
diterpenes firom grccn coffee bean.s, 

ITie screening procedure described in this paper measures 
effects on the ability nf hamster embryo cell cuhurcs 10 metab- 
olize the cdrcinogen B(a)P. Induction of inhibition of B(a)? 
meubolism of treated cultures by >2095 as compared wth 
control cultures vr2s considered lo be an active tcsU The oltered 
pattern of mctaboUsm \va.« determined by HPLC analysis of 
the B(a)P metabolites formed, and the effects on binding f^f 
13(a)P to DNA are determined. Confirmed active extracts are 
then fractionated using the bioassay as a guide. Advantages of 
our method arc that activity data can be generated within a few 
dav^ after the extract or compound is tested, and a large number 
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rig. Z The Amount of li(u)l' meiaboUies fonucd in hnmstcr crabryo cell 
culiura m the ptestBcc or abicjitt of 500 f sTm) of red doYcr cimic tsirtd. Th« 
culturca were tzratcd, nml Ihe ptfid/um umptcs used enolyud lis dc^.nb«d in 
■Mattritls und MciJiwij,'" M«<)iun) saniplci were trcatnj vitL fi-thcvrvnlAasc 
p.ior ui e:itniction to del«/m//tt slucuranidc coi^upttes. Cvhmai, man for 3 
nailu per prtivp; Aar/. SJ>. red clo»cr «tracj-irtHtt<l sawpl« ihat differed 
fii^iuEuiailjr frooi (he cvrrcspondins control (based tipon 5Uid«nt*s / tcAt: P < 
tl.Ol). ^ conlrrf; O. T, prot<t/ue,Wy contro] (/?-CI\icufOfli(l,ise):B, T pratetae (/J- 
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10^ 3. Jsoflavnnu iuUicd frook red do*^^ kavc^ aitd flowura (25, 26). 

of different samples can he screened shiuiltaneoiLsly. Aficf pure 
active cumpouJids are isolated and their effect on the mclatiolic 
activation of l}(n)X' i$ established, tlicy will then be further 
tested u.sinft in vivo bioassays to detcrmijic Ihclr effect on tumor 
induction by varioiJS cl5is.$es of carcinogeos. These iJ7 Wvo bioas- 
says are eiiSLntial for deccrmttiinf whether a compound &ct3 as 
on anticardnogcn and flgamst which cIhsScs of carctaugtsos it 
was active, 

Thu.s far we have screened over 70 species and varieties of 
plants and vegetables comprising 27 families. One of the tlr.st 
pJanicxtmcts demonstrated co produce reproducible inhibition 
of B(a)r mctab(}lisra in ihc hamster cell Culture assay wa.s that 
prepared from a>d dovcr. Based upon inhibition of G(a)P 
metsbolisin the crude red clover extract was fractionated, and 
A2A0 
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'J'ubfc 2 tt(a)i''Dp(A Oifiding htbaauttr tmkryo cstb Ucfucd vitM extrectx of mt 

Hinutcr embryo cell v»\\\ttt% wcrcccpft&cd to tBc cihvl almhol cilncl 
efrc^ clover tt a duw of 25C hB/ui^ of mcdhm. nnd 10 oin later ;,0 /is ^ THI 
U(ayr per ml of m?dJ«m WQ5 added. After 24 h. the medium renia*«d, and J 
wiWDtc wnjf ttnalyxed hy chlofofomi:inctiuao| cxvartJvn ^> el«i$crihc<l in "Maic- 
f und MeUioU*.* The pcrccnusc nrridiotufiinty ui i)»e "--Jl**" ph»K U rtportcd 
Hi (lie pcroeittaite ofivitcr-^alahlc 8(a]P mcMSflitev. Tlie IXVa wu Isolstcd £rem 
ihe cetU. aiuJ Uic level arhmdmg orB(a)P wns mrasutd. The DKa wu dieted 
to ildovyrTmnocIemldcx, and ihc amouat oT th« mqjV B(a)P<ONA addiieb vqx 
dii«r.n;ncdbyHPLC. 
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a pure active oompounci, hiucbanjn A, wrs isolated which 
produced an inhibition nf B(a)P metabolism of 30 to 50% at 
5>.S 10 23.6 /4g/inl compared to DMSO controls. Kvpasure of 
hamslcr embryo cell cultures to bjochaoin A fit n dose of 25 
n%/soi of jiicdium resulted in a 37 to 50% ialiibirioji in die 
binding of J$(a)P to DNA. This compound appears to be otic of 
the m^ot eofflpojnents responsible for the inhibilioo of B<a)P- 
DNA interactions by the red clover extract. The strong corre- 
lation bctwcca the binding of aromatic hydrocarbons to l3NA 
and their carcinogenic activity suggests that biochanin A is a 
guod candidate for further testing to measure inhibition of 
tumor indiiciioa by bydrocarbon.s in animals. 

Several AavoAolds hfivc been shown to possc:£s anticarciiio- 
gcnic activity (3). 7,8-Ben7oflavonc» a synthetic flavonoid, is an 
inhibitor of microsomal mixed-function oxidases and inhibits 
ihc metabolism, binding to DNA, and tumorigcncsis of 7,12- 
dimvthylbeoz(a)anthrRcene in mouse skin (22). This same Da- 
vonoid aliiu inhibits the nietaboltsm of B(a)P in rat hepatic 
micrtfsomes that have been induced «vith 3-methylchOlajathrcne 
(23). Huan}; et ai (24) examined 28 /lavoiwids for their effect 
nn mutageniciry of anli-U(a)?DK in Sahmnella and found that 
8 had significant atitimutageuic activity. Interestingly one of 
the flavonoids found to be inactive (50% inhibitory dose > 100} 
was genistein, an isoflavonc rctalcd to blochanin A (see Fig. 3) 
and a minor constituent of red clover (25. 20), Since the 
compound tested [B(a}PD£] was an uiliinate mwmgenic tnetah- 
oHks of lR(a}P, that ass;ty would nm be expccied to delect 
eoinpoHods that aher metabolic activailon of ^(fi)?. TIius, 
various types of short-term assays may be anticipated to detect 
anticarcinogcns that work by different mechanisms. In^vjew of 
(he requirement of the majority of daascs of chemical carcino- 
gens for nietahotic actfvation and the ability of ilie meiaboUsm 
assay to measure changes in enzymes both involved iu ncilvntiou 
as well as detoxification, the hamster cell assay should be 
capable of detecting modifien; of cureino^n metabolism that 
act by a number of mcchani<:tn.<:. The reyuUs demonstrate thai 
the effects of lest compounds on B(a)P metabolism and DNA 
binding in hamster enibiyo cell cultures can be used to screen 
and isoLnic pure compounds with potential andcarcinogcnlc 
aciivily from plants and other ratural products. 
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SHORT PAPER 

OESTROGENIC AchlVnY OF SOYA-BEAN 
PRODUCTS 

H. M. Dhank, D. S. p. PattcWn. B. A- ROBERTS and R Sama 
Central Vettrirtary Laboratory, Weybrldge, Surrey, KT1$ SNB^ England 

{Rtceived 22 October IP79) 

Abstrscc— Normal rat cake containing Joya mcd was found to be ocjiragcnic. Sixiccn samples of soya 
□leal were examined in the mouse uterine weight bitHusay and all were found to have oulrogcnic 
itciiviiy. Eihyl-aeetate extracts ot the mcali also bad ocstrogcnic uciivUy. Cenistem aad daldzcip were 
present in the extracts. 



[ntroducfioit 

' U has previpiuly been reported from this labora- 
. tory (torane, Patterson, Roberts & Saba, 1975) that 
rat cake used as a control feed in routine mouse 
hioassays for oestrogens had developed significaiit 
dtcrolrophic activity over a period of a few months. 
We have recently encountered another ocstrogcaic 
control feed, higher ba^al uterine wcigbU than 
. expected being found in mice fed this ration. InvesH- 
gation of the componcots of the feed showed that the 
oe$trogenic activity was due t'o soya meal, which 
nude up 10% of the rat cubes. 

Little aiiention seems to have been paid to soya 
meal as a possible source of oestrogenidty although 
daidTcin and gcnistcin were isolated from soya beans 
nearly 50 yr ago (Walz, 1 93 1 X The ocstro^cnic activity 
• of these and other iscflavoncs is we)t documented 
(Biclcoff. Livingston. Hendrickson & Booth, 1962; 
Carter, Smart & Matronc, 1953; Cheng, Story» Voder. 
Hale & Burroughs, 1955). A new isofiavonc» glycitein, 
has been isolated from soya beans (Nairn,' Oestetncr, 
Kirsoo. JJurk & Bondi, 1973) and recently coumcstrol 
was ako shown to be present at levelj ranging from 
005-30 ;ig/g (Lockhart. Jones & Finney, 1978). Tlie 
present report provides bioassay data showing that 
oestrogenic activity was present in all sixteen samples 
of soya meal exanaincd. 

. Experimental 

Mataiah. Sample 1 was the extracted soya-bean 
meal that had been used in the manufacture of the 
jconlrol feed (Porton Rat Diet) associated with the 
original problem. Samples 2-14 were soya-bean nwals 
of various origins destined for the manufacture of 
farm-animal feeds. Sample 1 1 ytB^ a pcljetcd form of 
feed. Samples 15 and 16 were soya-bcan products 
intended for human consumption. Seml-synthctic (SS). 
feed supplied by RHM Labsure Ltd was^s^d. w a 
soya-free control. 

Three extracts were prepared. For the first. 90 g 
soya-bean meal was exhaustively extracted witli ethyl 
acetate in a .Soxhlct apparatujL The solvent was eva- 
porated to dryness and the residue was re-dissolved in 



a convcnienl volume of cthanol-<(hyl acetate (1:1, 
y/v). A second, 70%-ethanoI extract was prepared as 
described for the extraction of oestrogens from white 
clover (Saba, Dranc. Hebert & Holdsworth, 1974). A 
third extract in aqueous acctonilrtle was also pre- 
pared (Dranc ei ui 1975). 

Oesirogen hioassay. Eighteen-day-old MFl wean- 
ling female mice wcig;hing 7-9 g were supplied by 
OLAC 1976 Ltd., Bicester, Oxon. They were housed 
in groups of six to a cage and each group was given 
40 g of feed over a period of 3-5 days. On the follow- 
ing day the mice were killed and the uteri were dis- 
sected out, blotted on niter paper and weighed Kach 
assay included a control group ^ven only the SS feed 
and three or four groups given SS feed containing - 
known amounts of diethyUttlboestrol (DES). The test 
soya meal samples were fed atone, or mixed with SS 
dict» or as an extract mixed Into SS diet and air dried. 

Mycology and mycotoxin screening. Samples of 
soya>hean meal were screened for possible mycotoxin 
contamination by the method described by Rof^ens & 
Patterson (1975) as modified by Patterson & Roberts 
(I979)i The mycological examination of six samples 
was carried out by the methods described by Shreeve, 
Patterson & Roberts (1975). 

Thin*layer chromatography (TLC). Biologically- 
aclive elhyl-acetnte extracts were examined for phyto- 
oestrogens by TLC using Polygram Sil GJUVisa 
sheets and mcthanol"chloroform(7;93. v/v) as Ibe de- 
veloping solvent. Cenislcin, daidzein and formonone- 
tin (minimum detectable levels lO/zg/g) and coumcs- 
irol (minimum delectable level 1 fig/g) were nm as 
reference compounds. The developed chroma logram 
was examined under long- (360 nm) and shortwave . 
(250 nm) ultra-violet light for fluorescing and absorb- 
ing spots both before and after exposure to anunonia ' 
vapour. These active extracts were also analysed for 
2earaIcnonc using Ihe.mycoloxin method cited above . 
(analytical b'mit 20//gAgl- 

Results and Discussion 

No mould growth was evident in any of the .six 
soya meals sampled and Fusarium spcdcs were not 
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uolated in mycological cultures of the meals. Neither 
zcaralcnoiie nor any other mycotoxin was detected. 

The mouse uterine vfeig^i btoassay data are fium- 
marized in Table 1 , Samples 2 and 3 were oestrogenic 
when fed as whole meal bul their extracts were nut^ 
tested. Nine other samples were active when fed as 
whole meal and also when fed {n the form of ethyU 
acetatc extracts, while fiv6 further samples were active 
only when fed a.^ ethyl-acctatc extracts, Thus all six- 
teen saiT^ples showed biological activity. No oestrogo- 
nic activity wus found in extracts in 70% aqueous 
cthanol, which is routinely used to extract substances 
with oestrogenic activity from red and white clover 
-(Bickoff,. Lopcr.-Hansoh,- Graham,. Witt &.-Spcnccr, 
1967; Saba et aK 1974)^ Neither was it found in 
extracts in acetonrtrile, which has previously been 
\}Scd to isolate an active fractioa 6blf from oestrogc- 
nic rat cake (Dranc er ai 1975). However, all of the 
ctfayl-acclate extracts were oestrogcoicaUy active, aU 
(hough when appropriate comparisons were made, it 
was found that the recovery of the source of the ac- 
tivity present in the original samples of soya racil was 
poor, flydrolysed cthyl-aoctatc extracts cxatnincd by 
TLC were found to contain gcnistcin and daidzein 



and prcUminary experiments suggested that the 
former tsoflavone contributed most of the oestrngentc 
activity. No other reference oestrogen was detected- 
Various reproductive disturbances in animals have 
.been -traced to the ingestion of ocstrogcnic feeds. 
Cattle became infertile whilst grazing lucerne contain- 
ing high concentrations of coumestrol (Adier & Trai- 
• nin, I967X hyperoestrogcnism was reported in pigs fed 
diets containing 01-6-8/ig zcaralcnonc/g (Mirocha, 
Potlire & Chrislcnscn, 1977X the conception rate was 
lowered" in sheep fed 8-16 /jg DE$/day and concep- 
tion was prevented altogether in sheep given 33 /ig 
DBS/day (Morlcy, Bennett & Axclscn, 1963)l The 
prcscnt-rcsults-suggcsi-lhat comparable levels of oes- 
trogcnic activity might be provided by diets contain- 
ing soya products; in those whole soya meals in 
which quantifiable amouals of ocstrogcnic activity 
wctc present, levels equivalent to 8-37 ng D)ES/g soya 
were detected. On the basis of our own estimate that 
the potency of the mycotoxin zearalenone in the 
mouse bioassay is 8'5 x 10"* that of DH5, the 
observed oestrogenic activity of these soya meals was 
equivalent to 9*4-43'3 ftg zcaralenone/g soya. 
There is little published information on the ocsiro* 



Table 1. OMrogtnk actfoUy o/w/w/^ soya ineal and ofethyl-acetau extracts of wiio/r saya meal in the mouse uterine weight 

assay 



Results for mice Ced whole soya meal 



M&ximum 
total dosct 
Sumple (g whole soya 
no. mcal/mousc) 



Uterine wt 
(geometric 
mean; mg) 



equivalent 
(rig/g soya) 



Calculated 
:a:aralenune 
cquiv>tcnl^ 
.(«B/b soya) 



Results for mica fed ethyl-ucclate 
extracts of soya meal 



Maximum 
total dosct (g 
soya meal 
eiitracted/ 
mouse) 



Uterine wl DES 
(geometric equivalent 
meantmg) (ng/g) 



Calculated 
zearalenone 
cquivaientt 
(fig/g soya) • 
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NT.= Not teatcd . 
fThe mice ate poorly, and therefore the dose is only approxin)at& 

IBy the mouse uterine weight unuty the zearalenone equivalent per unit wt of DES | no (850 1600). 

SOcsirogeiiic activity present at levels equivalent to <: 10 ng Df^S/g soya oQuld not he quantified. 

The valueti marked with asterisks differ significantly from those' of the controls that were given soya-frcc sctni-synthctic 

feed (•/* < 0-05; **P < 0-01 ; ***r < O^^0J). Sample I was a soya-bcan nxal uicd in the manufacture of rat feed. 

Samples 2-14 were soya-beati meals used for the manufacture of farm-animal feeds. Samples 15 and 16 were xoya-beoii 

products intended for human consumplion.' 
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gcnic activity of food^ttufls for human consumption 
(Schocntal, 1977) and this report helps to remedy the 
. situation. Since soy^ meal h important source of 
protein for animal feeds and in now increasingly used 
tn that this apparently constant 

source " of' oestrogcnic 'acliviiy should not be over- 
looked, even though tl is at a low level. However, 
species differ greatly in their susceptibility lo the 
effects of oestrogcns and caution must therefore be 
exercised when attempting to cAlrapobtc data from 
species to spodes or from the biological effects of one 
oestrogcnic substance to another. 
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DIETARY PHYTOESTROGENS AND CANCER: IN VITRO 
AND IN VIVO STUDIES 

Herman Adlercrbi/tz,'* Yaghoob Mousavi,' Jim Clarc,^ Krister HOckerstcdt,' 
EsA HXmalainen/ Kristhna WAhXlA,* Taru MAkelA' and Tapio Hase' 
^DqMUtment of Clinkal CSiemistry, Univerrity of Helsinki, SF'00290 Helsinki, Finland, 'Department of 
Cell Biology, Baylor Cotlege of Medicine. Houston, TX 77030, U.SA., *IV Department of Surgery, 
Helsinki University Hospital, Kawrminkatu 1M3, SF>€0130 Helsinki, ^Department of Clinical Cbem- 
istry, Kuopio Univenity Central Hospital, SF-70210 Knopio and ^Department of Chemistry, Vuorikatu 
20. SF-OOlOO Helsinki, Finland 

SuninijUT— Tliirty ppstmepppausal wometi (1 1 omxuvore&, 10 vegetariam aod 9 apparently 
healthy women with surgically removed breast cancer) were investigated with regard to the 
assodatioa of their urinary excretion of estrogens, hgnans and isoflavonoids (all diphenols) 
with plasma sex hormone' binding globulin (SHBG). A statistically significant positive 
correlation between urinary total diphenol excretion and plasma SHBO was found which 
remained statistically significant after elimmation of the confounding effect of body mass 
determined by body mass index (BMI). Furthermore we found a statistically significant 
negative correlation between plasma SHBG and urinary excretion of 16ot-hydroxyeslronc and 
estriol which also remained significant after eliminating the effect of BMI. Furthermore we 
observed that enterolactone (Enl) stimulates the synthesis of SHBG by HcpG2 liver cancer 
cells in culture acting synergistically with estradiol and at physiological concentrations! Enl 
was rapidly conjugated by the liver cells, mainly to its monosulfate. Several lignans and the 
isoflavonoids daidzein and equol were found to compete with estradiol for binding to the rat 
uterine type II estrogen binding site (the s.c. bioflavonoid receptor). It is suggested that lignans 
and isoflavonoids may affect uptake and metabolism of sex hormones by participating in the 
regulation of plasma SHBG levels and in this way influence their biological activity and that 
they may inhibit cancer cell growth like some flavonoids by competing with estradiol for the 
type II estrogen binding sites. 



INTRODUCTION 

Weakly estrogenic diphcnolic compounds, be- 
longing to the classes of lignans (Ugs) and 
isoflavonoids (Ifls), arc excreted in large 
amounts in human (and animal) urine. Subjects 
consuming whole-grain products, seeds, fruits 
and berries (contains mammalian li^an precur- 
sors) and soy prodticts (contains isoflavonoids, 
and lignan precursors) [1-6] have high excretion 
of these compounds. Up to now about 15 
structurally different compounds were isolated 
and identified by combined gas chromatog- 
raphy-mass spectrometry (GC/MS) [structures 
and literature in 4, 6, 7]. Intestinal bacteria play 
an important . role in the transformation of the 
plant precursors [2, 7, 8]. 

Lignan excretion in women is usually high . 
in areas with low risk for breast cancer (BQ 
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like North Karelia in Finland [4], and in 
vegetarians(4. 5,9, 10] and low in women 
living in high-risk areas like Boston, U.S.A. 
[4,5,10]. In old women with BC in Boston 
the excretion was very low [10] and it was 
also relatively low in Finnish young women 
with BC[9]. On the other hand we also 
found low . excretion of Ligs in Japanese 
women consuming traditional Japanese diet 
and having low BC risk. However these 
subjects excreted very high amounts of Ifls, 
particularly genistein (Gen) and daidzein 
(Daid) [I !]. There is already evidence suggesting 
that both Ligs and Ifls are protective with 
regard to BC [12-17] and that Ifls may be 
protective with regard to prostate cancer 
(PQ[16.18]. 

In the present study we continue to explore 
the link between the Ligs and Ifls, and hormone- 
dependent cancer and the possible mechanisms 
by which the cancer-protective effect of these 
compounds is exerted. The results obtained 
strongly suggest that these compounds have 
cancer-protective properties. 
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MATERULS AND METHODS 



Cell cultures 



Subjects and their diet 

In this connection only some preliminary in 
vioo results with regard to plasma sex hormone 
binding globulin (SHBG), urinary estrogens, 
Ligs and Ifls for the last part of the *'Finlandia'' 
study involving postmenopausal women wiU be 
described. The groups studied were 1 1 omnivo- 
rous and iO vegetarian women and 9 apparently 
healthy women with breast cancer (BQ treated 
with surgical removal of the breast (Stage I and 
II). Simultaneously with the collection of urine 
and blood samples, very careful dietary records 
during 5 days were obtained, once in winter and 
once in the summer time. The dietary differences 
were surprisingly small. Preliminary calcu- 
lations showed that the vegetarians had higher 
intake of total fiber (22.7g/day, geometric 
means) than the omnivores (16.6 g/day) and the 
BC patients (16.0 g/day) but this was statisti- 
cally significant only when compared with the 
BC group (P <0.04). No significant differences 
in dietary intake between the omnivorous 
and BC groups could be observed. Cholesterol 
intake was significantly lower in the vegetarians 
(omnivores vs vegetarians i'<0.02; BC vs 
vegetarians P < 0.002). Furthermore we found 
a statistically significantly higher intake of 
vegetable fiber in the vegetarians compared to 
the BC group (vegetarians 4.5 g/day and BC 
2.3 g/day. P < 0.03). Complete dietary data will 
be published elsewhere. 

Collection of blood and urine samples 

The women collected 72-h urine samples and 
three different blood samples were drawn be- 
tween S and 9 a.m. into heparinized tubes on the 
same consecutive days. The plasma was pooled 
and the samples were stored with 0.1% ascorbic 
acid and 0.1% sodiiun azide at — 20X until 
analyzed. In the present study the mean values 
for one winter and one siunmer collection 
period were used (6 plasma and 2 x 72-h urine 
samples for each subject). 

Reference standards and deuterium-labelled 
compounds 

The Ligs Enl. End, matairesinol (Mat), and 
the Ifls, Daid, Equol and 0-dcsmethyl-ango- 
Icnsin (0-Dma) were synthesized and the prep- 
aration of the deuterium-labelled standards was 
carried out as described previously [lit. in 19]. 
The isoflavonoid Gen was a generous gift from 
Professor K. Kallela. 



Prior to the growth experiments the cells 
(HepG2 liver cancer iEind MCF-7 breast cancer 
cells, American Type Culture Collection, 
Rockville, Md, U.S.A.) were maintained in 
Dulbecco's modified £agle*s medium (DMEM) 
without phenol red supplemented with 10 mM of 
L-glutaminc, 100 lU/ml of penicillin. lOOIU/ml 
of streptomycin, 1% (y/v) NEAA, and 15mM 
Hepcs (Boehringcr Mannheira, Fed. Rep. 
Germany) with 10% fetal calf scrum (FCS). 
Before the experiment the cells were detached by 
removing the medium and washing with tee-cold 
Ca- and Mg-frce phosphate buffered saline 
(PBS) (Orion Diagnostics, Espoo, Finland) and 
tiypsinization (trypsin 0.05%, EDTA 0.02%). 
100,000 to 400,000 cells, depending on the size 
of the plastic petri dishes, were plated in the 
same mediiun but now with 5% FCS for two 
days. The medium was removed, cells washed 
with PBS, and fresh medium with 5% twice 
DCC-tieated FCS added and incubated for a 
further 3 days. The preparation of the DCC- v 
treated FCS was carried out as described [IS]. 

After the final washing of the oells twice with 
ice-cold PBS and added fresh medium with 5% |^ 
DCC-treated FCS, the cells received effectois ^| 
in ethahol solution to a final concentration of 
not more than 0.1% ethanol. The cells were 
maintamed at 37''C in a 100% humid atmos- M 
phere of 92% air and 8% carbon dioxide as a 
monolayer culture in Falcon*s plastic petri 
dishes (9 cm dia.) or in dishes with six 2.S cm 
wells. The efiectors were added once per day : 
and the medium changed every fifth day. Dur- 
ation of experiments was S-10 days. Cells were \. 
counted both manually in a Burker chamber 
and using the Coulter counter industrial cell 
counter (Coulter Electronics Ltd, Luton, 
Beds., England). DNA was measured by 
fiuorometry with a slight modification of the 
original procedure [20] using the Transcon 102 
FN fluoroncphclometer (Elomil Oy, Helsinki, ^ 
Finland) and the results were expressed in '-^^ 
pmol/mg DNA. 

Cell cultures in metabolite studies and determi- | 
nation of enterolactone conjugates 

In tfie metabolite studies with HepG2 cells, 
the cells, after the initial treatment described 
above, were first grown for four days as de- 
scribed and every morning Enl was added to a .| 
final concentration of 1 pM. After four days the J 
medium was removed and the cells washed with m 
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ice-cold PBS and fresh medium added. There- 
after the procedure was continued for another 4 
days and 24 h after the last addition of £nl 
extraction was carried put as described [15]. 
The fractionation, of Enl conjugates and their 
detenitination was carried out as previously 
described {21] with slight modifications [1 5J. To 
the final fractions 211.2ng ^H^-labcUcd ^nl 
was added in 50 pi of ethanol, the solvent 
evaporated to dryness and the samples silylated. 
After trimethylsilyl ether derivative formation 
the solvent was evaporated to dryness, the 
residue was dissolved in a suitable amount of 
n-hexane and the quantitation carried out by 
GC/MS in the selected ion monitoring (SIM) 
mode as described [22]. 

In studies on the time course of Enl conju- 
gation, 1 million HepG2 cells were plated and 
Enl added to a final concentration of 2/xM! 
Samples were taken at various lime intervals up 
to 74 h, Mediimi was extracted with ethyl ether 
and the conjugates hydrolyzcd with Helix po- 
matia extract as described [22] and the.libcrated 
aglycone extracted with ether and assayed by 
" GC/MS. 

Determination of SHBG in the medium 

SHBG assays in the medium were carried out 
with a highly sensitive time-resolved fluoro- 
iimnunoassay (TR-FIA) using reagents pro- 
vided by Farmos Ltd (Turku. Finland). 

Sttidies of the binding of diphenols to the nuclear 
type II estrogen binding site 

Adult ovariectomized rats were implanted 
ydth 20 pg of estradiol (E2) and 96 b after 
treatment uterine nuclear fractions were pre- 
pared. The various lignans and isoflavonoids 
were dissolved in Tris-EDTA buffer containing 
20% ethanol and their ability to inhibit the 
binding of pH]estradiol (40 nM) to nuclear type 
II sites were assessed [23, 24]. 

Assays of estrogens, lignans and isoflavonoids in 
urine and SHBG in plasma 

Ligs and Ifls were determined in urine by 
an isotope dilution gas chromatographic-mass 
spcctrometric method recently described [19J 
combining the method with the estrogen profile 
method also described previously [22]. This 
allows simultaneous assay of 20 compounds. In 
the present study Mat and Gen were not assayed 
because the method did not include these two 
compounds at the time of analysis. Thus we 
determined 13 estrogens and the Ligs Enl and 



End, and the Ifls Daid, Equol. and O-Dma. 
SHBG in plasma was determined by the RIA kit 
provided by Farmos Ltd. 

Statistical methods 

The mean values presented are geometric 
means. In the slaUstical analyses the mean 
values for the winter and summer collection 
periods were used and when necessary logarith- 
mic transformation was made because of skew- 
ness of the distribution of the results. The degree 
of univariate associations between two variables 
was estimated as Pearsons correlation co- 
efficients (r). Partial correlations were calculated 
to eliminate the effect of body mass index (BMI) 
on the results. Correlation coefficients and par- 
tial correlation coefficients were calculated using 
the StatView 11 programme for Macintosh II 
(Abacus Concepts, Inc. Berkcly, CA, U.S.A.). 

RESULTS 

SHBG, diphenols and estrogen lOa-hydroxyl- 
ation 

In the three groups of postmenopausal 
women the plasma SHBG values were statisti- 
cally significantly highest in the vegetarians 
(70.3nmol/l) (/>< 0.0002) compared to the 
omnivores (31.1 nmol/I) and BC patients 
(34.8 nmoI/1). The vegetarians had significantly 
higher urinary excretion of Enl. total Ligs, total 
Ifls, and total diphenols (i* < 0.05-i> < 0.007) 
compared to the twp other groups (details to be 
published elsewhere). 

We found a statistically significant positive 
correlation between urinary excretion of 0- 
Dma, Enl, total lignans and toul diphenols 
and plasma SHBG. However, this correlation 
was. partially dependent on the fact that the 
vegetarians had significantly lower body mass 
(BMI = omnivores 26.1, vegetarians 22.4, BC 
26.2). BMI showed a negative correlation 
with SHBG (r= -0.580; ?<0.00l) in these 
subjects. After elimination of the confounding 
effect of BMI we still found a statistically 
significant positive association between the 
urinary excretion of O-Dma (r= 0.421), Enl 
(r =0.391), total Ligs (r = 0.382) and total 
diphenols (r= 0.400) and plasma SHBG 
(P<0.05 for all). 

When studying the association between 
plasma SHBG and the excretion of individual 
urinary estrogens we found that there was no 
association between SHBG and urinary catec- 
holestrogens. However, we found statistically 
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significant negative correlations between SHBG 
and urinary I6a-hydroxyestrone (r = -0.44S; 
? <0.05) and estriol (r « -0.572; P < 0.001). 
Partial correlation coefficients eliminating the 
linear effect of BMI on the results showed that 
these significant associations remained but were 
weaker (r = -0.390 and r = -0.409 for 16a- 
hydroxyestronc and estriol, respectively, both 
/><0.05). 

Stimulation of SHBG synthesis by enterolactone 
in HepG2 lioer cell cultures 

Concentrations of Enl between 0.5 and 
10 stimulated SHBG synthesis by HepG2 
human liver cancer cells in culture (Fig. I). The 
maximal effect was found with 5 /<M concen- 
tration and a toxic effect could be observed with 
concentrations above 10 /iM (Fig. 1). 200 nM 
concentration of estradiol (E2) was needed to 
obtain a similar stimulation of SHBG synthesis 
as 2 of Enl. When E2 (200 nM) and Enl (5 
or 10 /iM) were combined they had additive 
effects on the synthesis (Fig. 1). 

Metabolism of enterolactone by HepG2 liver cells 
The conjugation of Enl by HepG2 cells was 
very rapid and within 10 h more than 95% was 
conjugated (Fig. 2). The relative concentrations 
of the different conjugates of Enl identified in 
the medium are shown in Table 1. The main 
conjugate was the monosulfate (EnlS) amount- 
ing to about 78% of the total. 
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Fig. I. Enterolactone stimulation of sex honnooe blndtog 
globulin (SHBG) synthesis by HepG2 ceUi in culture in the 
absence and presence of estradiol. Number of experiments 
indicated on the top of the bars. 




— FmoEnlnM 
— • — Conjug. Enl nil 



Tlrn* (h) 

Fig. 1 Coiuugatioa of enterolactone (Enl) (2 pM) added to 
cuhures of HepG2 cells. 



Binding ofdiphenols ot the nuclear type If binding 
site bioflavonoid receptor) 

Figure 3 (top) shows the binding of the two 
main manunalian lignans Enl and End to the 
nuclear estrogen type II binding site. In addition 
the binding of two plant lignans, matairesinol, 
which is the precursor of Enl [2, 7] and of isolar- 
idrcsinol is shown. In the lower part of the 
figure it can be seen that daidzein and equol . 
show significant binding but their precursor 
foimononetin does not bind to the bioflavonoid 
receptor. 

DISCUSSION 

It has been proposed that a low rate of 
2-hydroxylation and high rate of 16a-hydroxyI- 
ation leads to a greater risk for BC and endo- 
metrial cancer. BC patients, women with gencdc 
predisposition for BC and mouse strains with 
high incidence of BC have been shown to have 
high 16flt-hydroxylation of estrogens [25-27]. 
Furthermore a parallel increase in ras proto- 
oncogenc expression and of estradiol- 16a- 
hydroxylation in human manunary terminal 
duct-lobular units by a carcinogen has been 
found [28]. 



Tibte 1. Distribution of coi\jusat«^ metabolites of enteroltctone in 
the culture medium 24 h ftfter the last addition of coteiolactone 
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Fig. 3. Competition with pHJestradiol of Ugnans (top) and 
isoflavonoids with regard to tat uterine estrogen nuclear 
type n binding sites (bioflavonoid receptor). 

Several earlier studies by othen as well as 
our own seem to speak against the hypothesis 
that increased estrogen I6a-hydroxyIation is a 
risk factor for BC, because all low-risk groups, 
compared to high-risk groups, have relatively 
more urinary i6a-hydroxylatcd estrogens, par- 
ticularly if also the fecal estrogens are 
included. These observations have recently been 
discussed [16]. In addition we could previously 
not observe any increase in l6a-hydroxylated 
estrogen metabolites in urine of Finnish pre- 
menopausal women with BC compared both to 
omnivorous and vegetarian controls [29]. 

However, in the present study the old Finnish 
women showed statistically significant negative 
correlation between plasma SHBG and urinary 



I6a-hydroxye3Uone and estriol in the whole 
material (rt= 30) with the highest values of 
l6a-hydroxylated estrogens and lowest SHBG 
values in the women with BC and the omnivo- 
rous women. In the same material there was a 
significant positive correlation between urinary 
total diphenol excretion and plasma SHBG. All 
these associations remained statistically differ- 
ent despite elimination of the confounding effect 
of BMI on the results, although the associations 
were weaker. It has been shown in many studies 
that a low SHBG level means a higher metabolic 
clearance rate and uptake of sex hormones in 
many tissues including the liver, the principal 
site of estrogen l6a-hydroxylation. Post- 
menopausal women with BC have frequently 
central obesity and low SHBG levels [30-32] 
and we therefore suggest that some of the irt 
vivo results obtained in BC patients showing 
increased estrogen l6a-hydroxylation may 
have been at least partly due to a low 
SHBG in the studied subjecU, To our knowl- 
edge SHBG was never measured in theise 
studies. In fact it is possible that increased 
cellular membrane permeability for nonpolar 
estrogens caused by different mechanisms 
may also in other tissues lead to increased 
16a-hydroxylation. 

Estradiol has been found to stimulate the 
in vitro synthesis of SHBG by HepG2 cells 
in culture, but the concentrations needed for. 
significant increase in production are much 
higher (0.5-5 pM) than those occurring physio- 
logically [33]. Our experiments show that only 
10 times more Enl is needed to show the 
same stimulation of SHBG formation as that 
observed for E2. By relating SHBG synthesis to 
cell number and DNA it could be observed that 
this was not due to increased cell proliferation 
but to a true increase in synthesis. This was also 
confinned by measuring intracellidar SHBG 
after sonication of the cells. 

The question arises whether the concen- 
trations of Enl in the organism, particularly in 
the portal vein blood, are sufficiently high to 
have a stimulatory effect on SHBG synthesis. It 
is well known that estrogens administered 
orally, compared to parenteral administration, 
are much more effective in stimulating SHBG 
synthesis [34]. Enl enters the liver via the portal 
vein probably in much higher concentrations 
than those occurring in peripheral plasma. We 
know very little about the levels of Enl in 
plasma. Total Enl (free + conjugated) values in 
4 women ranged between 0.7 and 5.3 nM [35]. 
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Our own unpublished preliminary observations 
suggest that the concentrations are much higher 
in plasma of Finnish women and in vegetarians. 
We observed total Enl values between 15 and 
70 nM and between 20 and over 1000 nM in 
omnivores and vegetarians, respectively. About 
5-30% of the total occurs in the form of 
unconjugated Enl or in the sulfate form. As 
found for estrone sulfate, wc believe that the 
sulfates of the lignans can be hydrolyzcd at the 
cell membranes and have biological activity 
because of (he abundance of intracellular sulfa- 
tases in the organism. Thm it is very likely that 
Enl in the free + sulfate form occurs in con- 
centrations at least 10 times higher than those of 
unconjugated + sulfatc-conjugaied E2, particu- 
larly in the portal vein blood. This makes it very 
likely that these compounds may be involved in 
regulation of SHBG levels in plasma in agree- 
ment with the positive correlations observed 
in this and previous studies [5, 9] between ex- 
cretion of lignans and isoflavonoids in urine and 
plasma SHBG. 

Compared with MCF-7 BC cells [15]. the 
HepG2 cells conjugate Enl as rapidly (Fig. 1 and 
Table 1), but less monosulfatcs and higher 
amounts of glucuronidcs and disulfates arc 
formed. The monosulfates represented 78% of 
the total compared to 91% for the MCF-7 cells. 
Thus our preliminary results in plasma showing 
considerable amounts of sulfate-conjugated Enl 
in circulation are in good agreement with the in 
vitro metabolic results obtained with HepG2 
cells: 

Our results show (Fig. 3) that diphenolic 
lignans and isoflavonoids compete with E2 for 
the rat uterine nuclear estrogen type U binding 
site. These sites seem to constitute a component 
of the genome which regulates estrogen-stimu- 
lated uterine growth [23, 24]. Originally it was 
observed that some flavonoids like luteolin, 
quercetin and pelargonin inhibit E2 binding 
to this receptor and in this way uterine cell 
growth. They also inhibited growth of MCF-7 
cells in culture, and in vivo E2 stimulation 
of immature rat uterus [36]. The structures of 
these flavonoids are very similar to those of 
the isoflavonoids. Luteolin, quercetin and per- 
largonin have to our knowledge not been ident- 
ified in the human organism. However, Daid, 
Eq, Enl and End were all found in plasma, 
saliva and urine of human subjects and Enl, End 
and Eq in prostatic fluid (37, and unpublished, 
sec above]. Now also Gen, Mat and 0-Dma 
have been detected in plasma in our laboratory. 



It was suggested that the isoflavonoids and 
flavonoids may all act syncrgistically inhibiting 
cell growth in ihalignant cells via the type II 
binding site [16] also called the bioflavonoid 
receptor (36, 38] or by inhibiting specifically 
the tyrosine protein kinasc{l6] the enzyme 
mediating the activity of many growth factors in 
the cell. 

It is concluded that lignans and iso- 
flavonoids may influence sex hormone 
metabolism and cancer by influencing plasma 
SHBG levels resulting in lower uptake and less 
biological activity of these steroids and by 
inhibiting growth and proliferation (13-15, 18] 
of hormone-dependent cancer cells. 
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Urinary excretion of lignans and isoflavonoid phytoestrogens 
in Japanese men and women consuming 
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ABSTRACT Epidemiologic studies revealed low mortality 
in hormoDe-depeDdent cancer iti Japanese women and men 
consuming a traditional dici. We previously found thai certain 
diphenolic food components, lignans and isoQavonoids, which 
arc convened to biologically active hormone-like substances by 
-Jntesiinal microflora, may be canccr-proicctivc agents. Therefore, 
^ -we studied uiinaiy excretion of these compounds (enterolacione, 
enterodtol, daidzein, equol. aad O-dcsmcthylangolensin) in 10 
women and 9 men in a rural village south of Kyoto, Japan. The 
subjects consumed a typical low-fat diet with much rice and soy 
products, 6sb, and vegetables. An isctope^lution gas chro- 
. . matograpbic^mass spcarometric method was used for the assays. 
The urinary excretion of lignans was low but that of the isofla- 
vonoids was very high. The excretion of isoflavonoids correlated 
with soybean-product intake. The low mortality in breast and 
prostate cancer of Japanese women and men, respectively, may 
be due to the high intake of soybean products, Am J Clin 
Nmr 1991;54:1093-1100. 

KEY WORDS Japanese, diet, urine, lignans, isoflavonoids, 
enterolactone, enterodiol, daidzein, cquot, genistelo, C^des^ 
methyUngolensin, soybean, gas chromatography, mass spec- 
trometry, sc.\-hormone-binding globulin 

Introduction 

y Mammalian lignans and isoflavonoid phytoestrogens, occur- 
ring in ail studied animal and human biological fluids and in 
feces, are diphenolic compounds with molecular weights similar 
to those of steroid estrogens (1-3). Precursors in plants seem to 
occur as glycosides (4, S), and the mammalian compounds arc 
produced from plant lignans and isoflavonoids by intestinal mU 
croflora (6-8). Most of the original plant aglycones, such as for- 
mononctin, matairesinoL and secnisotaridresiool, occur only in 
very low concentrations in urioe (9, 10). All compounds inves- 
tigated so far arc weakly estrogenic but have shown many other 
biological activities, producing antiestrogenic (1-3); antiviral (II, 
1 2); and antiproliferative, cytotoxic, and growth-inhibiting cflects 
(3, 13-15), Studies indicate that they most likely stimulate the 
production of scx-hoimone-binding globulin (SHBO) in the liver 
(3, 14-18) and may in this way signihcantly influence biological 
activity of the se?t hormones. The higher SHBC values seen in 



vegetarians (2, 17-19) are probably due to the effect of these 
diphenolic compounds on liver synthesis of the protein (1 4). 
Studies in both young and old women with breast cancer and 
in various dietary groups indicate that urinary excretion of thcsi: 
compouods is highest in vegctanaas and lower in omnivores 
and breastoncer patients (2, 18, 20). It was shown that their 
urinary excretion correlates with the intake of ftbcr-rich food (2, 
n, 18). 

Japanese women and women of Japanese origin in Hawaii 
consuming a diet similar to the original traditional Japanese diet 
have low breast-cancer incidence and mortality (2 1 '•^24). Simi- 
lariy, Japanese men have low monality with prostate cancer, 
although autopsy studies have found that the incidence ofpros- 
tate cancer in Japanese and Western men are similar (25-27). 
These cancers arc sex-hormone dependent aiid could potentially 
be influenced both by alterations of sex-hormone metabolism 
caused by lignans and isoflavonoids or by a direct eScct of these 
compounds on their growth. Because of the associations between 
diet and these diseases, we decided to study the urinary excretion 
of lignans and isoflavonoid phytoestrogens in groups of Japanese 
men and women consuming a traditional diet, A preliminary 
report was published as an abstract (28). 

Subjects and methods 

Fanicipants 

The subjects pdrticlpating in this investigation were apparently 
healthy and wen; recruited in a small rural village south of Kyoto, 
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Japan. Two of ihe women were found lo have hypertension 
(blood pressure 146/96 and 180/100, respectively). Most of the 
panici pants were fanners cultivaling lea and rice. Originally 10 
men and 10 women volunteered for ihe study, but 1 man was 
dropped because his urine volume was not known. Their main 
work was in agriculture and they consumed mainly their own 
products. The ages of the men and women were 50.4 ± 1 8.0 
and 46.8 ± II. 5 y, respeaively. Height, weight, and body mass 
index [BMI, in weight (kg)/heighl (m)*) were, respectively, 1 60.8 
± 7.8 cm, 58,6 ± 5.8 kg, and 22.7 ± 2.3 for men and 153-1 
± 6.5 cm, 52.9 ± 7.2 kg, and 22.6 ± 3,5 for women. All subjects 
were within 1 5% of normal weight 

Collection of samples 

Urine was collected for 48 h In plastic bottles containing 2 g 
ascorbic acid. The bottle was kept in a cool place during collec- 
-p. The urine was mixed and measured and a sample was 
J2CD as soon as possible and transported to Finland in dry ice 
for analysis. 

Dietary data 

The study was carried out in October 1985. Before the survey 
a nutritionist c;^p1ained how to weigh the food components and 
how to write down Che results on a form. Most of the food was 
weighed. Some food, such as bread and milk» was recorded as 
a piece of bread or cup of milk and the nutritionist estimated 
the weight of these food items aflcrwards. Food intake was re- 
corded for 3 d and the nutritionist followed all subjects every 
day during the survey period. Calculation of the food data was 
made by an experienced nutritionist using (he Standard Tables 
of Food Composition in Japan (29); for fiber calculations the 
Food Composition Tables of Dietary Fibers. Minerals, Choles- 
terol, Fatty Acids was used (30). The amount of soy sauce in 
the diet was calculated from the toUtl sodiun) chloride content 
of the urine. According to earlier studies Japanese obtain 25.8% 
of their sodium chloride from soy sauce (3 1 ). Soy sauce contains 
' 5% NaQ. The consumption of soy sauce is estimated by using 

£ following formula: 

Soy.sauce = (amount of NaCI in urine) X 0.258/0.15 

This is the traditional way to estimate soy sauce consumption 
in Japanese subjeas because they do not add any Other salt to 
their food. It is an estimate and not an exact figure and the 
values were not included in the correlation analyses. 

Analytical method 

The trivial and systematic names of the compounds measured 
and discussed are as follows (structures were shown previously 
(3)]: cnierolaaone (EnO, trans- 2.3-bisI(3-hydroxyphcnyl)mcthyl]- 
T-butyrolactone; enterodiol (End), 2;3-/>/4(3-hydroxyphenyl>- 
methylj-butaoe-l ,4^iol; daidzcin (Da), 4',7-dihydroxyisoflavone; 
equol (Hq), 4',7-dihydfOxyisoflavan; CWcsmcthylangolensin {O- 
Dma), I -f2,4-dihydrox>phenyl)-2-<4-hydroxyphcnyl)-pmpan- 1 one. 

The method used was a modificaiion of a method for deter- 
mining die estrogen profile in urine by ion-exchangc cJiroma- 
tograpliy and capillary gas chroma lography-mass spectrometry 
in the selcaed ion-monitoring mode (GC-MS-SIM, or GC/MS) 
(32-34). Originally , estrogens also were determined but because 
of very low concentrations of some fractions, ihc ainoutii of 



uH ne saved for the purpose was too small and the analyses could 
not be repeated. Therefore, only the lignan and isoflavonoid 
values art presented. Only modifications of the method are de- 
scribed. 

Protection of the carbonyl functions by ethoximaiion (nec- 
essary only for the estrogens), and extraction with aSep-Pak C,| 
cartridge (Waters Associates, Milford, MA) were curried out as 
described (33, 34). The removal of inhibitors of the enzyme 
hydrolysis by ion-exchange chromatography on a DEAE-Scph- 
adcx (Pharmacia Fine Chemicals, Uppsala, Sweden) column in 
the acetate form wa.s dont in a smaller column (0.5 X 3 cm 
instead of 0.5 X 5 cm). For hydrolysis and purification of the 
hydfolysaie, before evaporation of the last fraction obtained from 
the above DEAEpSephadex column, the following deutcrated 
internal standards were added to the eluate: dfi-Enl and -End, 
d^'Da and -Eq, and drO-Dma (35. 36). This was followed by 
hydrolysis and Scp-Pak extraction; application of the mcthanolic 
extract directly on the QAE-Sephadcx A-25 in the acetate form 
(0.5 X 5 cm); and clution of the estrogens, lignaru^ and Eq with 
4 mL methanol as described. The modification In this step is 
that O-Dma and Da are eluted after this with 4 rnL 0.2 mol 
acetic acid/L in methanol. This fraction is then, after evaporation 
of the solvent, ready for derivatization (trimcthylsilyl ethers) and 
GC/MS. Selective fractionation of estrogens with vicinal cis- 
hydroxyls was carried out in a borate column with new dimen- 
sion (0.5 X 3 cm instead of 0.5 X 2.5 cm), Eluiion of the di- 
phenols was carried out as described and this fraction conuins 
the isoflavan Eq and the two lignans Ent and End. 

The two fractions containing lignans and isoflavonoid phy- 
tocsUX)gen]c and their deuterated internal standards are converted 
to their trimethylsilyl ether (TMS) derivatives (32) and quantified 
by GC/MS by using the following ion pairs (mass/chargt); Eq, 
386/390; Da, 398/402 (and 383/387); End, 410/416; Enl, 442/ 
448; and O-Dma, 459/464 (36). The measunnnents were carried 
out with a Hewlett-Packard 5995 B GC/MS (Avondale, PA) 
instrument equipped with a Pascal work station and with an 
automatic injector. 

Urinary excretion of < 0,0025 /imol/d cannot be measured, 
and between 0.0025 and 0.005 Mmol/d the method must be 
regarded as scmiquantiutive. The mean values and ioterassay 
imprecision for the control pooled-urine sample, measured 59 
times in single assays during I y, were as follows: Enl, 3.65 titno\/<^ 
(CV 7.4%); End, 0.364 /xmol/d (CV 1 1.6%); and Eq, 0.042 Mmol/ 
d (CV 9.4%). For Da at a concentration of 0.028 ^mol/d, the 
interassay imprecision Ls IJ.0% (n = 14) and for O-Dma at the 
high concentrations tn this study, the interassay imprecision is 
8-10% (CV). 

The samples were analyzed in two batches and the values for 
the control sample were almost identical both times and the 
same as in analyses before and after these two batches. 

Statistical methods 

The food data arc presented as arithmetic means (±$D) and 
the lignan and phitoesirogen results as arithmetic means (±SD) 
and geometric means. Geometric means were used when ncc- 
e.<aary because of skcwness of the distribution of ihc results. The 
statistical analyses were carried out by using the StaiView pro- 
gram fof Macintosh (Abacus Concepts, Berkeley, CA). The de- 
gree of univariate associations between two variables were es- 
timated as Pearson's con-tlation coeflicients (/-). The pairs of 
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T able i 

Itiukc of various food stuffs by Ihc Japanese women and men 
consuming a trariitional Japanese clict* 



TABLE 3 

Dietary intake of soy prcxJvjcts by ihc two grpups studied* 





woincn 


Men 


rfuuicni 


it. — in'i 
\n " lUJ 










Rice 


578.5 ± 222.5 


764.7 ± 240J 


Wheal 


59.5 X 46.0 


139.0 ± 113.6 


Potato 


62.6 ± 30.2 


55.2 ± 34.6 


Su^r 


8.1 ±7.0 


8.1 ±7.4 


Fat? 


13.1 i7.6 


12.7 ±6.9 


Pulses &nd beans 


56.5 ± 36.0 


40.9 ± 32.0 


Fruil 


228.2 ± 1J1.9 


146.9 ± 114.0 


Greeo and yelluw ^fegeiabtes 


60.6 ± 33.3 


55.7 * 35.2 


Other vegetables 


139.3 ±69.3 


130.9 ±77.2 


Picklcj 


32.9 ± 24.9 


23.2 ±21.2 


Algae 


1.8 s 2.0 


0.7 ± 0.7 


Fish 


98.7 ^ 46.6 


. 113.6 ±56.5 


Meat 


37.0 ± 30.1 


73.6 ± 58.4 


Eggs 


3R.4 ± 16.6 


57.4 ± 30.6 


Milk 


H2.7+ 131,0 


90.9 ± 90.2 


Beer 


5.1 ± I6J 


454.6 ±647.1 



•je±SD. 

adjusted group means for the two groups studied (women and 
men) were compared by nonpaircd / test. 

Results 

The Intake of various types of food arc shown in Tabic 1» and 
Table 2 shows the rcsuUs of the calcalatlons wiih regard lo energy; 



TABLE 2 

Energy intake, intake of various nutrients, and some mioi in the two 
study groups* 



Nutrient 



Women 
(fl = 10) 



Men 



Energy 

(MJ/d) 

(kcal/d) 
Animal protein (g/d) 
Vegetable protein (g/d) 
Total protein (g/d) 
Cirbohydrates (g/d) 
Total fat (g/d) 
ToUl fiber (B/d) 
Animal protein 
Proteins (%)( 
Carbohydrates {%)% 
Fatst*)$ 
Put (g/kg body wt) 
Fiber 

img/S) 

(g/IOOO kcal) 
Fiber (g/kg body wl) 
Fai-fibcr ratio 



8.29 ± 1.64 
1973 ±391 

35.3 ± 13.9 
38.2 ±10.1 
73.6 ± 12.2 

31 1.4 ±77.0 

44.4 ± (4.4 
16.9 ± 4.9 
47.2 ± 15.9 

15.2 ± 2.1 
64.6 ± 6.8 

20.3 ± 5.5 
0.86 ± 0.3 1 

2,1 ±0.7 
8.8 ± 3.0 
0.33^0.10 
2.5 ± 0.9 



10.79 ± 3.48 
2569 ± 829 
47.8 ± 18.9 

45.1 ± 10.6 
93.0 ± 28.4 

383.3 + 100.6 
51.0*25.9 
1 5.3 ±6.0 
49.8 ± 7.9 
14.6 ± l.S 

68.2 ± 3.1 
1 7.2 ±4.9 
0.85 ±0.3? 

1,5*0.7 
6.4 ± 3.0 
0,26 ± 0.09 
2.4 ± 0.9 



•i±SD. 

t Percent of total protein. 
^ Percent of energy. 



Soy product 



Women 
(n = 10) 



Men 



Tofli (soybean curd) 


23.0 


±22.9 


18.7 


4. 


28.8 


Mtso (bean paste) 


12.5 


±6.2 


8.5 




6.4 


Abvrsagc (fried thin tofu) 


2,6 


±3.6 


3.7 




4.2 


Atuage (fried thick tofu) 


4.0 


* n,1 


0.8 


± 


2.3 


Koridofu (dried soybean curdl 


0.37 


±0.78 


0.07 




0.2 


Fermented soybeans 


2.4 


±4.5 


(1.9 


± 


2.8 


Boiled beans 


7.7 


± 17.8 


6.5 




7.8 


Soy sauce 


22.9 


±6.1 


19.2 




4.7 


Soy products (sauce excluded) 


54.4 


±34.3 


39-2 


+ 


.16.4 



• jc±SD. 



animal and vegetable protein; total proteins, carbohydrates; fats» 
and fiber, percentage animal protein and percentage protein; 
and carbohydrate and fat as percent of total calorics. Further- 
more, wc calculated the fat intake per kilogram body weifiht, 
fiber intake per J (per 1000 kcal), and the fat-fiber ratio (Table 
2). The diet was a low-fat (fat 1 7,2^> and 20.3% of total calorics 
for men and women, respectively), low-animal-prolein diet with 
moderate amounts of fiber and a low fat-fiber ratio, which is 
typical for the traditional Japanese diet (37). 

Table 3 Shows the dietary intake of soy products, which were 
expected to be the most important source of precursors for the 
urinary isoflavonoids (3). 

Table 4 shows the mean excretion values for the two lignans 
and three isoflavonoid phytoestrogens. The results show a rel- 
atively low excretion of cnterolactone, a normal excretion for 
enterodiol, and a very high excretion of isoflavonoid phytncs- 
irogcns. The individual results showed large variation, particu- 
larly for cquol (from 0 to 10.95 ^imol/d). For comparison note 
that the geometric mean values in young omnivorous women 
living in Helsinki and in Boston for enterolactonc, enterodiol, 
daidzein, cquol. and O-dcsmcthyl-angolensin were 0-20, 
0.22, 0.10, 0.03. and 2.05, 0.28. 0.32. 0-07. and O.03 ^imol/d, 
respectively (2). 



TABLE 4 

tirinary encreiion of lignans and isoflavonoid phytoestrogens in 
Japanese women and men consuming traditional Japanese diet* 



Compound 



Women 
{«= 10) 



Men 
(rt-9) 



fimoi/d 

Enterolactonc 1 .4 ± 1 .4 (0.89) I . I ± 0.7 (0.89) 

Enterodiol 0.7 ± 1 .3 (0.4 1 ) 0.4 ± 0.3 (0.22) 

Total lignans 2.1 ±2.6(1.38) 1.5 + 0.9(1.13) 

Daidtein 2.6 ± 4.0 (2.55) 2.2 ± 2.0 (1.45) 

Equol 2.6 ±4.0 (0,56) 3.0 ± 4.6 (0.54) 

O-dcsmethylangolensIn 0.7 ± 0.6 (0.51) 0.2 ± 0.3 (0.1 1) 

Total isofiavonoids 6.9 ± 6.8 (4,73) 3.9 ± 3.3 (2.57) 

Total dlphenoifi 9.1 + 9.3 (6.7) 5.4 ± 4.0 (4.1) 



♦ jF ± SD (geometric £), 



1 
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Table 5 presents a correlation malm of various food com- 
ponents and urinaiy excretion of lignans and ijoflavonoids in 
the total material of 19 subjects for whom both food and phy^ 
toejtroBcn data were available. 

Discussion 

In a previous study oforiental immigrant women from south- 
east Asia residing in Hawaii (38). the diet was similar to that 
consumed by the men and women in the rural village in Japan. 
In the present study the women had a greater energy intake (an 
additional -2.1 MJ/d. or 500 kcal/d), which may be due to a 
physically more aaive Hfe. However, the pcrcentaee int&kc of 
calories as fal and (he dietary fiber and fal-/ibcr ratio were very 
similar to the corresponding values in the prcvious study. Excepi 
for the energy intake the values arc very different from those 
seen in Western societies where the fiber intake is similar but 
the fat-fiber ratio is njuch higher. Women living in the Boston 
area had a fat-ftber ratio of 7.7 for the premenopausal women 
and 4.6 for the postmenopausal women compared with 2.5 for 
the wontcD in the present study (39). 

With regard to protein intake, expressed as g/d and as per- 
centage of calories, the mean values in the pr^m study were 
similar and slightly lower, respectively, than those of the im- 
migrants from southwest Asia. (3 8). 

Our results arc in good agreement with those from ati earlier 
study of 300 female agricultural workers from 18 regions in 
Japan (37) except fordicury fiber intake, which was much lower 
(between 5 and 6 g/d) in the women in the earlier study (which 
may represent crude fiber intake). However, accortling to the 
national nutrition survey in Japan, the dietary fiber inUke was 
22.8 g/d in 1951 and decreased year by year to 17.4 g/d in 1985. 
Tliese figures arc in bencr agreement with our results obtained 
in 1985, which show a mean dietary fiber intake in the whole 
group of - 16 g/d. This latter value is also in good agrtemeni 
with the value of 13 g/d for nonstarch polysaccharides found by 
analyses oflhe Japanese diet in another study (40). On the basis 



of these investigations and the present investigation, it may be 
concluded that the amount of dietary fiber in a traditional on- 
ental diet is comparable with that in many Western societies 
(38-40). We may also conclude that the diet of our subjects was 
typical for a rural area, where the people to a large extent con- 
sume their own products and have a traditional Japanese diet 
The urinaiy excretion of Enl was, with few exceptions, low 
in both men and women (Tables 4 and lA) and was the same 
as found for the postmenopausal brtast-cancer patients in Boston 
(20). We found a weak correlation between intake of green and 
yellow vegetables and excretion of Enl and total lignans (Tabic 
5) but no correlation with rice intake. Because these subjects 
consumed large amounts of rice, it seems justified to conclude 
that refined rice contains very low amounts, if any, of lignan 
precursors. There was a better correlation with the intake of 
soybeans, which thus also may be a source of Enl precursors 
(Table 5). It is known that soy sauce contains coniferyl alcohol 
the building block for lignans and lignin (41). The excretion of 
the lignan End was also found to be associated with the intake 
of beans and pulses and soy products in general (Table 5). 

The excretion of the isofiavonoid phytoestrogens is very high 
in these Japanese men and women compared with values ob- 
tained in women living in Boston (2, 20) and in the Helsinki 
area (2, 18). The Japanese women in the present study excrete 
10 times more Da and 20-30 times more Ei^ and O-Dma than 
did omnivorous and laclovcgciarian women living in ihc above- 
mentioned two cities. Of the 19 subjects, 47% and 89% excrete 
micromole amounts of Eq and Da per day, respectively, a phe- 
nomenon very rarely seen in subjects consuming a Westerfl diet 
but seen in subjects consuming a macrobiotic diet (2). The values 
in an additional study group of nine subjects, including three 
children {see Appendix A), were not significantly different from 
those in the two main groups (Tables 4 and I A); they were in 
fact surprisingly identical. The excretion of matairesinol. the 
precursor lignan for enterodiol, was very low, but getxistein ex- 
cretion was very high. Genisiein is the center of interest in many 
laboratories because of its very interesting antiproliferative and 



TABLE 5 

CorreUtion mturix of various food components and urinary excretion of ligans and isoflavonoids in the whole material (« = 19) 



Green and yellow 

vegetables 
Pulses and beans 
Algae 
Total tat 
Percent fal 

calorics 
Fal-fibcr ratio 
Meat 

Soy products 
(nut sauce) 
Boiled soybeans 



Nutrient Enterolactone Enterodiol li&nans Daidzcin equol qPesmethylangolcnsin isotovwoids dijhcnlls 



0.525* 



0.541- 



0.460' 
0.492' 



0.679t 
0.56 1 • 



0.481 • 



0.849 § 



0.583 1 
0.632 1 



0.7 J7t 
0.584 1 

0-469 • 
0.507* 
0.507' 

0.7465 
0.693 § 



0.6l7t 



0.601 1 



0.6681 
0.450* 



0-585 1 
0.757§ 



0.693 1 
0.430 1 



0.588 + 

O.doig 



* F<Q.OS. 

i Q.QS < P < 0.10. 
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antiitiiloscnic effects {see below); gcnistcin showed the highest 
concentration of ail phytoestrogens in urine in these nine sub- 
jects. The mean value was almost 6 /jmol/d and a value as high 
as 15.5 Mtnol/d was observed. Also ia this smaller group most 
variation in the c;(Cittion values was found for Eq (from 0.01 
10 9.16 Mmul/d). In 21.4% of all subjects, cguol cxcrclion did 
not significanily differ from ttro: this group includeil two of the 
three children; the mother of these two children did not excrete 
equol in significant amounts. 

The low txcTciion of Enl in the Japanese subjects compared, 
eg, with Finnish won:ien (2). is most likely due to low intake of 
grain (whole-gratja) products such as bread (2, 17, 18, 42, 43). 
The precursors of the mammalian lignans seem to be located 
in the alcuronic layer of the grain close to the fiber (l5) .but 
de&nite evidence for this location has not yet been obtained. 
The mean End values arc similar to those observed in laciovcge- 
tarian American and Fmnish women and higher than in the 
omnivorous women from the same countries (2, 20). It is likely 
that the majorily of the liguans in these Japanese subjects is 
derived from nongrain plant products (pulses and beans), as 
suggested by the correlations found in Table 5. 

Eq excretion coirclated positively with the intake of total fat 
{P < 0.01), fat-fiber ratio < 0-05). and meat {F < 0.05) and 
deviated in this aspect from all the other isoflavonolds. Some 
subjects are not able to produce Eq at all, as also shown previously 
for nonJapanese subjects {44). It is possible that those consuming 
more fat and meat have an intestinal flora nnore capable of pro- 
ducing Eq from Da, known to occur in large amounts in soybeans 
(45). Algae may also be a source of isoflavonoids because a pos- 
itive contlation was found with Da (/* = 0.56; f < 0.05) and 
total isoflavonoids {f = 0.45; 0.05 < ? < 0. 10, NS). Algae were 
suggested to contain factors protective against breast cancer (46). 

Lignans and bioflavonoids are candidates for a role as cancer- 
proiccti vc agents (2, 1 4- 1 6) and as steroid competitors for various 
enzymes (47). Enl inhibits the aromatase enzyme and competes 
with the natural substrate androstencdione for the binding site 
on the cytochrome P450 cnxyme (H Adlcrcreut?., C Bannwari, 
LE Vickery. et al, unpublished observations, 1985). Phytoestro- 
gens and lignans (48; H Adlcrcreut^, Y Mousavi, J Clark, el al, 
unpublished observation. 1987) show interaction with estrogen 
receptors and flavonoids have antiproliferative effects on the 
human-breasi-carcinoma cell line ZR-75-1 (49). Genisiein is a 
very specific inhibitor of the tyrosinc-spccific protein kinases 
(50-55) and platelet-activating- factoi'-stimulatcd platelet aggre- 
gation, phosphoUpase C, and tyrosine kinase activity (56)- Ty- 
rosine kinase is an important mediator of the effects of some 
biologically important growth factors such as epidermal growth 
factor, insulin, platelet-derived grovrth factor, and insulin-like 
growth factor on cells. The flavonoids and lignans bind to the 
type II estrogen-binding sites (15. 57), now also called the biofla- 
vonoid receptor (47, 58), and may in this way regulate by in- 
hibition cell growth and proliferation of hormonc-dependcnt 
cancers (58). Enrymes metabolizing bioflavonoids «nd steroids 
show structurally close similarity (47), indicating that they have 
the same origin. Furthermore, the isoflavonoid coumestrol 
complcmenU, as does estradiol, the topography of spaces between 
base pair^ in unwound DNA and simultaneously hydrogen-bond 
phosphate moieties on opposite strands (59). 

One of the most important biological effects of the lignans 
and isoflavonoids seems to be their stimulation of SHBG syn- 



thesis in the liver (2, 14, 16-18). A high SHBC concentration 
leads to decreased mcubolic clearance rale for the sex hormones 
and lower biological activity. However, Japanese and British 
women were found to have the same SHBG toul-binding ca- 
pacity, even though Japanese women bound relatively more es- 
Uadiol to SHBG. This was .^suggested to be a result of lower 
affinity of albumin for estradiol in these women (60). U is possible 
that the phytoe-^rogcns in the high amounts occurring in Jap- 
anese women could compere with estmdlol for the albumin- 
binding sites and in this way luad to relatively more binding to 
SHBG. 

SHBG concentrations tend to be lower in breast-cancer pa- 
tients, particularly in postmenopausal women, and this .seems 
at least partly to be due to diet (15). SMBG-binding capacity 
was significantly smaller in postmenopausal but not in pre- 
menopausal Japanese subjects with breast cancer compared Mqih 
Japanese control subjects (61), agreeing with our own more re- 
cent results in American postmenopausal (43) women. Finnish 
premenopausal women with breast cancer did not differ in this 
respect from omnivorous control subjects but ihcy had lower 
SHBG than did lactovegewrian women (18). Diet sccras to be 
a much more Important risk factor for postmenopausal than for 
prcmenopausa) breast cancer ( 1 5). Miso (Japanese soybean paste) 
(62) or powdered soybean chips (63) (both before and after de- 
naturation of the protease inhibitors) showed a tendency to de- 
crease mammary-tumor formation and growih rate in rat brcasi- 
canccr models and soybean diet also reduced brcasl-tumor in- 
cidence in irradiated rats (64), This agrees with the slower average 
growth rate of postmen opau.<al breast cancers in Japanese com- 
pared with Caucasian women in Hawaii (65). 

The high concentration of phytoestrogens in the urine of Jap- 
anese men could be protective with regard to prostate cancer. 
Both lignans and isoflavonoids have estrogenic effects in nu- 
merous biological systems and may, because of this property, 
inhibit development of prostatic cancer. It is well known that 
in Japan and some other Asian countries, despite the same in- 
cidence of latent small or noninfiltrativc prostatic carcinomas 
as in Western societies, the morUlity is low (25-27). The high 
exogenous phytoestrogen concentrations could inhibit the growth 
of the latent carcinomas, postponing their development and 
making it more likely that the subject die from some other 
disease (theory proposed in 1985) (66). Furthermore, the inhib- 
itory effect of genistein on tyrosine-specjf^c protein kinases of 
certain growth-factor receptors could play an important role. 
Decreased risk of prostate cancer is seen in Scvenih-day Advcntist 
men (67) consuming much beans, lentils, and peas and some 
dried fruits (rich sources of bioflavonoids) and in men of Japanese 
ancestry in Hawaii consuming much rice (mainly starch, which 
has some fiber-like effects in the gut) and tofu (68), supporting 
the view that these compounds are protective. Recently, Sanlti's 
group in Turku. Finland, in a collaborative study with us, ob- 
served that dietary soy prevented the development of precan- 
cerous changes in a nconaially estrogen ized mouse used as a 
model for prostatic cancer (69), Showing that dietary factors may 
already be important in the fetal and neonatal periods. This 
study and our observation of high phytoestrogen excretion In 
urine of children is important because they suggest that these 
compounds may change the endocrine milieu at thfc cellular 
level both in the neonatal period and in prepubertal and ado- 
lescent children. Thus, the results cited above and discussed more 
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extensively elsewhere (14. 15) speak for a role of the diphcnok 
a$ UDCCr-protcctivc subsunccs. 

It is concluded that Japanese subjects excrete very Ufgc 
amoums of iioflavonoids in urine, mainly gcnistein. daidicin. 
and equol. and lhai Ihc lignan cxcreUoa is low. The high cxcre- 
tion of isoQa vonoids in urine is related to the intake of soy prod- 
ucts in the traditional Japanese diet. Q 

We thank Anja Koskda (analytical work) and Sirkka Adlwcrtutz (mass 
speclromctry) for slciliful technical awistauce. 
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APPENDIX A 

Additional experiments with a modification of the 
method 

The method used In this study was modifiitd further by in- 
cluding the dcLermi nation ofthe plant lignan mataircsinol ((3R- 
/ri2nj)-dihydro-3,4-6;.T[(4-hydroxy-3-mcthoxy-phenyl)methyl]- 
2(3H)-fui^none)] (intraiLvay CV ^ 15.2% ftnd inleraisay CV 
= 1 3.9%) and the isoflavonoid genistein (4',5,7-trihydroxyisofia- 
vane) (intraaisay CV = 4.5% and interassay CV = 1 1.6%) in the 
assay (I). Because further samples from the present study ^were 
not available and because ofthe recent great interest in genistein 
we used this new a^y in nine other Japanese subjects (three 
men, three women, and three children) living in Kyoto and con- 
suming a traditional Japanese diet before and during the 24-h 
urine collection. 



* ADLERCREUT2 ET AL 

TABLE lA 

c^nsumir^tin^^^^^^^ Pnd isonavonoid phytocsirogcns (pmaVd) in nine Japanese subj«u (u. adult,, three ehiWrcn) living i„ Kyou> and 
consuming traditional Japanese diet dunng the unnc collcctiop period ^ •* / 

Subject, fotal 

Mataifcftnel EnteroUcton e Enterodiol lignans Daid^eio Equol Q-Pesmethybneol^cin Gcntstcin isofilvo'tlolds diJCli 

1. M,41y 0.010 0.05 0,09 0.15 5.25 6 15 

2. F,33y 0.OO3 2.44 0.15 2.59 3Ji 001 

3. M.7y 0.003 0.07 0,09 0.16 3.23 OOl 

4. M.6y 0.006 2.24 0.68 2.93 2.15 0 85 

5. M.8y 0.007 0.04 3.39 3.43 3.02 002 

6. F.42y 0.006 3.25 0.25 3.50 2.20 0.16 

7. M,38y 0.012 0.70 0.25 0,96 1 60 0 07 

8. M.26y 0.019 1.94 0.18 2.13 3.38 9 16 

9. F.30y 0.003 0.62 0.25 0.88 1.25 3 28 
X O.OlO 1.26 0.59 1.86 2.8 219 
Geometric f 0.0 10 0.50 0.27 M7 2 58 0 25 
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TgblQ U shows the individual urinary lignan and isoflavonoid 
excretion in the additional ihroc men, three womcn» and three 
children studied by the new modified procedure, including the 
results of assays for malaircsinol and genistcin. 
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Abstract The United States produces appfoximately 
half of the vworldi soybeans. Although most of what is 
produced is used as animal feed, $oy-protein products 
(eg, soy-protein flour, concentrates^ and isolates) are used 
extensively by the food industr>E primarily for their func- 
tional characteristicsy such as emulsificatioa During the 
past decade, however, there has been a madced increase 
in the use of both traditional soyfoods, such as tofu and 
soymilk, and second-generation soyfDod^ products which 
generally simulate familiar American dishes. Recently 
attention has focused on the possible role of soybean 
consumption in reducing cancer risk. Soybeans contain. 
In relatively high concentration^ several compounds with 
demonstrated anticarcinogenk activity. Two of these com- 
pounds—protease inhibitors and phytic acid— have Ua- 
ditionally been viewed as anunutrienti The scientifk 
community has begun to appreciate the potential Impor- 
tance of nonnutritive dieUry compounds (phytochemi- 
cals) in foods such as soybeans Dietitians need to become 
more aware of die phytochemical content of foods and 
the possible effect of phytochemicals on health and 
disease./^ D/et/\5Soc- 1991:91:836-840, 



The United States produced more than $10 billion of 
soybeans in 1 989, about half the worlds total (1 i Although 
most of the soybeans produced are used as animal feed 
(U soyi)rotein products have been used extensively by 
the food industry since 1957 {21 Furthermore, during Uje 
past decade, there has been a marked increase in both 
the consumption of traditional soyfoods— such as tofu, 
soymilk, miso, and tempeh-and in the development of 
second-generation soyfoods (3,4). Second-generation soy- 
foods generally simulate traditional meat and dairy prod- 
uct^ eg, soy hot dogs^ soy sausage, and soy cheese. 
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The Inaease in soyfood consumption vi/hich is ex- 
pected to continue tfiroughoul this decade, is attributed \ 
toanumberoffactor^!ncludir^economic$,healdi, ethics \ 
and the environment Recentl>{ the potential role of i 
soybeans in cancer prevention has received attention {SI ^ 
As soyfoods continue to become parr of the American i 
diet, it is Important for nutritionists and dietitians to^: 
familiarize themselves with soyfoods and their possible 1 
impact on health and disease. 

Historical perspective a 
According to tradition, soybeans were one of five "sacred ; 
crops named by Chinese empenor Sheng-nung nearly-^" 
5,000 years ago (6)l The soybean has been widely 
consumed for hundreds of years throughout Asia, Soy- 
beans were reportedly first brought to the United States^ 
in 1 804 as ballast aboard a ship from China, but not until t 
the 1890s was serious interest in soybeans expressed {71 
World War I brought an increased interest in soybeans as: ™ 
a potential source of oil and of inexpensive, high-quality ] 
protein (7)l In 191 7, only 50,000 acnes of soybeans were: 
planted In the United States^ but by 1931, this nun:iber> 
had increased 70-fold {8X Tliroughout this ceniury USj 
soybean production has steadily increased; soybeans ar^: 
now the second most important cash crop in the United * 
States (9). . 

Soybeans and the US food supply 

Soy^protein products . 
Soy protein products are grouped into three general 
categories: s6y fiouc soy-protein concentratesy and soy*? 
protein isolates (2X The market for soy-protein products is^; 
estimated at around $200 million per year (3,4). More" 
than 90% of the soybeans consumed by human beings m 
the United States^ excluding soybeans used for soy oil, is=3 
in the form of soy-protein products (3X These products arev 
made from defatted soybean flakes, range in proteirv; 
content from about 50% to 90% and are added to a vast 
array of foodiy primarily for their functional characteristics, 
such as emulsification (2)l The per capita intake of soy-;: 
protein products in the United States has increased^ 
approximately 40% during the past 1 0 years;, but soy^an': 
consumption is still less than 5 g^day per person (3). Thus,- 
the nutrient contribution of soy-protein products for most i 
individuals is negligible. | 
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Two additional soy produos used by the food Industry 
\ ' are hydrolyzed vegetable pnotein and textured soy protein 

(2) 1 HydnDiyzed vegetable protein is used as a whipping 
and flavoring agent and in the manufaaure of soy sauce. 
Textured soy protein Is frequently used as a ground beef 
cKfendec most notably by schools and the military Tex- 
tured soy protein is also used to produce meat analoguei 
The school lunch pnogram uses an estinnated TOO million 
lb textured soy protein annually (3)i 

Retail soyfoods sales 

The US retail soyfbod market has undergone considerable 
growth in recent years. In 1989 sales were more than 
$600 million, a fourfold increase since 1 9B0 (3,4). During . 
the past decade, approximately 200 new soyfbod products 
have entered the market annually (3,4). After' soy sauce, 
tofu is the biggest seller among all soyfoods^ followed by 
second-generation soyfoodsv soymiik, mlso, soynulsi and 

> tempeh {3X 

Sales of soymilk and second-generation products are 
expected to increase substantially during the next 10 years 

(3) . Soymilk consumption In particular Is on tiie rise; sales 
have increased 40% durlr^g each of the last 2 yeai^ {31 By 
(he year 2000, sales of soymilk are projected to increase 
sixfold and sales of second-generation products are ex- 
pected to increase about fourfpid {31 The increased 
consumption of soymilk has been attributed to improved 
taste, increased shelWife through improved packaging, 
and lower cost resulting from increased domestic pixxluc- 
tion. 

The increasing number of second.generation soyfoods 
isparticuIaHy noteworthy. Since 1987, 552 new secondr 
generanon products have been developed; more than half 
ofthese contained tofu as their primary soy irKredlent {3i 
Products range from main entrees-ineludii>g fiozea 
shelf-stable, and refrigerated, prepared foods-to meat 
altematwes such as tofu hot- dogs and tempeh burjer^ 
cheese alternatives, yogurt^ and nondairy frozen desserts. 
In 1989, more than two thirds of all tofo and one third of 
all second-generation ioyfoods were sold in supermarketsy 
a further indication that soyfoods are enterinR the main- 
stream {3X Nevertheless^ witf> the exception df soy sauce, 
most soyfoods are corisumed by a relatively small per- 
centage of the population. For these individual^ soyfoods 
can be a major component of the dieL 

Nutrient contribution of soyfoods 
Whole soybeans are a good source of proteia fiber, 
calcium, irorv zinc, phosphoru<v magnesium, thiamin, 
ribdiavirv niadfv and folacin (10)l FYoc^slrig the whole 
soybean to make soyfoods affects the nutrient conreni of 
the resulting product gable U Foods made from* the 
y^Qle soybearv sucb as tempeh, natto, and miso, are 
good sources of fiber and calcium, whereas soymilk and 
products made from soymilk, such as tofu and soy cheeses. 
Calcium can be successfully added to soymilk 
Y 1); however, this has been done only sparir^y, primarily 
'n ma ted soy drinks. Calcium content of tofii varies quite 
JJpfably The values listed in Table 1 appearto be somewhat 
'I'gner than one might surmise from a random, informal 
®tarninalion of commercially available products 

> Sources of vitamin B-12 in soyfoods are an important 
; consrderation for certain individuals whose diet may be 



devoid of or. contain only limited amounts, of animal 
products. Some reports (1 0> 1 2, 1 3) indicate that fenriented 
soyfoodiv ie, miso and tempeh, contain vitamin B«12, 
either through design of by fcontaminatiorv but other 
reports (14,151 suggest that.most,.if not all, of the vitamin. 
B-1 2 in these, products is in the fbrm of analogues * • - ' 

Soyfoods are reladvely high in fat^ but still may be lower 
in total fat than the foods they frequendy replace, such as 
meats anc^ cheeses; Soyfoods are certainly lower in. 
saturated fat and cholesterol; Tofu rangesfrom about 35% 
to 50% fat on a caloric basis (silken tofu, which includes 
the wixeyjs aenerally lower in fatJt whereas the tat content 
of soymilk varies depending on additional ingredients, 
used. In contrast to skim milk, soyfnilb that are lower in 
fat are generally not produced by removing fat; but by' 
adding carbohydrate, which, is used as a sweetening or 
flavoring agent Soybean oil is the only commonly con- 
sumed oil in diis country that contains appreciable 
amounts of ««>-3 fatty acids (a-linolenic acidj. Conse- 
quenllv soyfoods are a convenient means of obtainmg ta- 
3 fatty acids from plant sources. However, hydrogenation . 
ofsoyoil notably reduces linblenic acid content (16). 

Soybeans and cancer risk 

In 1929, soybean consumption was offered as a possible . 
explanation for the greater stamina of northern Chinese 
compared with their rice-eating counterparts in the south 
(17X Throughout this centur^j. soybeans have been . the, 
subject, of considerable investigation covering a. wide 
range of interests Recently, the potential role of soybeans 
in cancer prevention has received attention. The contri- 
bution of soybeans to the diets of Oriental, countries^ such 
as Japan and China,, has prompted some investigators to 
suggest that soybeans may contribute to the relatively low 
rates of breast and colon cancef in these countries. In 
June 1 990, the National Cancer Institute held a workshop 
to ejcamine this relationship (SV 

Several compounds with anticarcinogenic activity are- 
found in relatively Mgh concentrations \h soybeans; 
Among those thus far identified are isoflavones^ protease 
inhibitony phytic acid, saponins^ phytoslerolsy. and phe^ ■ . 
nolic acids. Ironically two of these compounds^ prbt€?ase- 
inhibitors and phytic acid, have traditionally been viewed- 
as antinuirients. Phytic acid effectively binds a- variety pf 
polyvalent metaU especially iron, and is considered to., 
affect adversely the bioavailability of iron in soyfoods (1 8V 
The ability to chelate iron, howevec may be responsible 
for the antioxidant and anlicarcinogenic properties of 
phytic acid(T9,20X Among ti>e hypothesized anticarcino- 
gens in soybeansy isoflavones and protease inhibitors are 
found in the highest concentrations relative to rpost other 
commonly consunied foods; consequently in the discus-, 
slon to follow, only these corripounds will be examined, 
alorig with epidemiologic studies of soybean consumption 
and breast and colorectal cancer risk. 

Bcperimental studies 

Isoflavones^ Barnes et al (21) showed, that diets com- . 
posed, of as little . as 5% (wt/WO soybeans sigfiificantly 
inhibited chemically induced mammary cancer in rats. 
The study was particularly noteworthy because both raw . 
and autoelaved. soybeans were protective. This was an.: 
important observation because the protease inhibitors in. 
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Table 1- rvoximate composition and selected nutrient content of varimn voyfoods tn common serving sizes and m 100^ edible 
portions (10) 
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Kjooked soybeans are dusted with Aspergillus oryzae, a b>aerial startec femiented. and pressed Into a paste. 
•Whole soybeans are steamed until toft, inoculaied with Bxilfa nam>, fermented, and then commonly jold In 3- to 4^2 packages wrapped In stii 
^Tbe pulp remaining after the soymltk is filtered; It is highly perishable. 
'Whole soybeans are ei^ dry- or oil-roasted in a pan or oven until crunchy 
-After ov<«might soaking; soybeans are pulverized, extensively cooked (to inactivate protease inhlbttorsl and then filtered resulting In a liquU soymllli 
Insoluble dietary fiber as deiemitned by the tieuTial detergent fiber meth^ 

'Cooked soybeans are dusted whh Aspergillus ofyzac, shaped Into koji nuggec^ incubated, and mixed with salt and water to prcyluce a mash call< 
morami. Aner aging, the moromi Is pr^i^ to yield a liquid and the oil Is removed producing soy sauce. 

■Cooked soybeans alone or with other grains are fermented with RbUopus digosoorus producing a chunky-tociured cake about Inch thick. 
•Soymilk Is coagulated with a calcium or magneaum sah (nigaril the whey is discarded, and the curds are pressed to form a cohesive bond, 
degree of pressing produces either soft, regulai; ot firm lofa Calcium values refer to produa made with nigari. The proximate composition of t< 
shoivn here var»es notably from recently adopmod industry standards. 
<B »bIock; one block refers to tofu 1 Vi by 1 Vi* by l^ in. 
'No value reported. 



soybean^v which are thought lo be potent chemopreven- 
tive agents^ are destroyed by autociaving (22\ The data of 
Barnes ei al suggested that the isoflavones in soybeans 
were responsible for tumor inhibition. Soybeans are one 
of the few commonly consumed ibods containing appre- 
ciable amounts of isoflavones [23\ 

A considerable amount of isoflavone research has been 
conduced, although very little is cancer related. For many 
yearSk isoflavones iwe been known to cause reproductive 
problems in agricultural animals (241 although similar 
effects have not been observed in populations consuming 
soyfbods^ 

In vitro data indicate that several isoflavones are vveak 
estrogens^ havir^ perhaps as little as 1/100 of die affinity 
for the estrogen receptor as estradiol-1 7B (25,26). In vivo, 
isoflavones may aa as antiestrogens In the presence of 
high levels of endogenous estrogens (25). This may occur 
because the isoflavones bind to the estrogen receptor 
without eliciting a substantial estrogenic response and 
competively inhibit the more potent estrogenic agonists 
from binding. The hypothesized antiestrogenic effect of 
isoflavones may help to reduce breast and perhaps endo- 
metrial and ovarian cancep as these cancers are thought 
to be estrogen dependent (27X However, the effects of 
isoflavones may not be limited solely to hormone-related 
cancers. 

In vitro, genisteia one of the isoflavones present in 
soybean^ inhibits tyrosine protein kinase^ ON A topo- 



isomerasesy and S6 kinases (28*31)1 The activity of 1 
enzymes is enhanced in oncogene-transfbrmed cel| 
(28-31 )l Consequently! isoflavones may have a lole to pla 
in the prevention of a wide range of cancers a 

Human studies suggest that isoflavones may be phya 
ologically Important. Setchell et al (32) found that cod 
sumption of textured soy protein increased urinary isofl^ 
vone levels as much as l,00O-(bid, although there wi 
marked differences in isoflavone metabolism among I 
subjects in this study Similarly, Adiercreutz et al (3 
reported that urinary isoflavone levels were about 30 tim 
higher in Japanese women consuming a traditional di^ 
than in Finnish women. 

Several studies have looked specifically at the esti 
genlc/antiestrogenic effects of soybeans In postmenopa 
sal womea soy inuke appears to produce slight estrogen! 
effects (5j34); a recently completed study (A. Cassitf 
S. A. Bir^am, K. D. R. Setchell, unpublished data, 199| 
however found that in premenopausal women soy ing^ 
Uon significantly lengthened the menstrual cycle. The' 
studies suggest that isoflavones possess both antiesli 
genie andestrogenic activity and, in premenopau 
womer^ soy consumption influences hormonal patte; 
in a manner potentially proteaive against breast cance 

Protease inhibitors. For almost 50 year^ the protca. 
inhibitors in soybeans have been known to affect prote«J 
utilization adversely (35X Ironically} protease inhibih 
were or»e of the first identified compounds to pre 
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promotion of experimentally induced breast and colon 
canco- {22). The primary protease inhibttors in soybeans 
arc the Kunitz trypsin Inhibitor and the' Bowman-BiHc 
trypsin and chymotiypsin Inhibitor (BBI). Mos^; but not 
all pfote^e inhibitor activity is destroyed upon heating. 
Concern has been expressed over the potential harmful 
effects of consumlr^g foods high In protease inhibitor 
content partlculariy In the case of soy^based ' irifant 
formulas (36). Raw soybean consumption causes pancre- 
atic hypertrophy in rats (3 7). Howevec the rMpbnse of the 
pancreas to prot^se. inhibitors differs markedly among 
species (38); in populations consumiiig. cooked soybean 
products ho adverse effects have been observed. 

Consumption of raw soybean^ which contain consid- 
erable protease inhibitor, markedly reduced experi- 
mentally induced breast cancer, altltough soy^fed rats 
weighed significantly less lhari the controls (39)l Chymo- 
trypsin mhibiUon is thought to be responsible for the 
anticancer , activity of soybean protease* inhibitory al- 
though the inhibition of other proteases may also be 
importeat for inhibiting cancer (40X Soybean ©ctracts 
containing BBI. and/or pure. BBI hat^ been shown tb 
inhibrt experimental colon {411 lung (42V and oral caricei^ 
(43^ Additionally, BBV Inhibits, x-inradiatiph^nduced 
c-myc expression mx decreases H,0, fomiation by 
activated human polymorphonuclear leukocytes (4Si and 
the soybean trypsin inhibitor suppressed the promotional 
effeos of 1 2-(Ktetradecanoylphorfaol-1 3-acelate on trans- 
fomiation in C3H 1 OTl/2 cells (40X Participants at a recent 
woffohop expressed considerable enthusiasm for the 
development of protease inhibitors as diemopreventive 
agents (22)L. • 7 • 

Epidemiology. Much of the cunent thiriklng about 
djet<ancer hypotheses Is based on studies comparing 
dietary intake among countries with the international 
vanatlon m cancer incidence. These types of data ar^ no^ 
4tti soybean corisumpiiori and are ptobably not 
feasible to obtain. Most countries consume only minor 
amounts of soy prixJucls and^or soyfoods; only a handfijl 
*"?u^ ^»';^aa JapaK.North and South Korea, Indonesia, 
andHong Kong consume appreciable arhounis (4i5X The 
epidemiologic data on soy and cahcer ctonsist primarily 
of case-control studies; case<3ontrol studies generally 
nave been less supportive of diet-cancer associations. 
^ dfeast cancer, - Despite the experimental data on Iso- 
"3von^ little epidemiologic evidence suggests that soy- 
beans lower breast cancer risk. Although a recent case 
control study (47) is strongly supjxjrtive of a protective 
effect of soy, Phillips (48) studied SeventWay Adventists 
in the United States and found no differehce in the 
consumption <rf vegetarian protein products between case 
and control, subjects (4eX However veg^'an protein 
products vvere not exclusively sojf but included gluten- 
tased prodycte as well. No specific data on soy intakb 
^ere recorded. Hirohata et al (49) (bund that soy Was 
unrelated to breast cancer risk but agairv grams of fet 
soy products rather than soy intake were * 

• A very large prospective study involvirig 29. health 
"istricts and almost 143,(K)0 women in japan also found 
P^an consumption lo be unrelated to breast cancer 
"?0ftality (SOX No description of what constituted bean 
.'^onsumption was provided; howevec from other dietary 



data rt is apparent that heart consumption would primarily 
ref^ tb soy products. In contrast, Nomura et al (S\) found 
that soyfood consumption reduced Breast cander risk 
However, finding were based on the dietary intake of 
husbands of subjects. Nomura and colleagues assumed 
that. the. dietary pattems of husbands and wives- vvere 
similar; Spouses of controls. Cjonsunted abdut 60% riioro 
rniso ioup (;'<.OS).and aboiit. 30% more tbfu {P< 16) 
than did spouses of cases However Hiriayma {S2>cautions 
tha£ miso soup Is frequentiy eatere in coniunciibh with 
vegetablesf a factor that could be-at least partially respond 
sible fot ariy protective effects, of miso, Ffnally; Lee et al 
(47) in a case<ontrot study of diet and breast'cdncer in 
Singapore found that soy protein in prenienopausal 



It may not be appropriate to 
evaluate soybeans on nutrient 
content alone; dietitians need 
to know about the nbnriutritive 
dietary compounds^, calfed 
phytocheniicais, which may have 
antscarcinogenic effects 



women was protective (P=.02) and suggested that the 
phytoestrogens in soy may be responsible ft>r this effect . 

Colorectal cancer. Several- studies suggest that soy. 
consumption may lower colorectal cancer risk. Phillips 
(48) reported that colon cancer risk wa^ reduc^ in 
individuals frequentiy consuming vegetarian protein prod^ 
uctiv although the effect was hot significant (relative 
odds==0-4X Simil^rly^- W^tainabe; et aX [SS] found that 
frequerit consumption of soybeans arid tofu markedly 
decreased both recul and colprt cancer risk (relative 
oddsi=0;14 for rettal cancer and 0.63 for colon taricel^ 
Tuyns et af (54) also found that'freqtieht consumption of 
soybearit decreased both rectal and colon cahcer risk 
(P<.000n and Poole (5S) found Aat frequent consump- . 
tion of tofu decreased colon cancer risk by approximately 
one half. . 

In contrast, Tajima and Tominaga (561 reported, that 
consumption of miso soup sigptficandy increased rectal 
cancer risk (relative risk, 2,05;.P<.05) in Japan«e sub- 
ject although tofu only mildly ihaeased risk. Hdwevo; 
tofo was not associated with colon caricer riMc in* tills 
study (55) and consumption' of miso soup reduc^ colon 
cancer risk by one hall' 

Condysiofis- . 

(Overall, tiie epidemiologic data suggest that soy <:cn' 
sui^ption may rowiercoloreetaf cancer risk, vvhereas there 
IS only moderate support for. a role of soy in reducing 
breast cahcer; howewe^ relatively. Irtti^ vworic has been 
conducted in this area.. Experimental wotk indicates rfiat 
soy contains several potential anticaitinbgens and rf^at 
botii estrogenic and antiestrogenic responses have been 
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observed in human beings consuming soyt Further inves- 
tigation of the relationship between soy and cancer Is 
needed. 

ImpiicaUons 

As soyfoods continue to enter the American mainstneam 
diet, their nutritional contributions will become increas- 
ingly Important. Howeveo it may no longer be appropriate 
to evaluate many (oodSf such as soybean^ solely on the 
basis of their nutrient content The scientific community 
has begun to appreciate the effect of nonnutritive dietary 
components (phytochemicals) on health and disease, 
including diseases such as cancer. This places an addi- 
tional burden on the nutrition community to become 
more aware of the . phyiochernical content of foods. 
Notably reducing the incidence of diet-related cancers 
will require major changes in the American diet. The 
extent to which soyfoods may help to achieve this goal 
remains to be seen. 
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Fi,eld of the Xnventj.on 

This invention relates to compositions comprised of 
natural ingredients which exhibit a pronounced beneficial 
effect on certain conditions including reducing the intensity 
and frequency of menopausal hot flushes. Compositions of the 
present invention also have been shown to enhance the memory 
in humans and to reduce certain adverse effects on human men- 
tal processes that are associated with the aging process. 

This invention also relates to methods for reducing 
the intensity and frequency of menopausal hot flushes, treat- 
ing vaginal dryness and enhancing the memory and mental 
processes of humans, which have been diminished during the 
aging process, by administering the compositions of the pres- 
ent invention. 
Background of the Invention 

The aging process is known to deteriorate certain body 
functions; among these, the ability of women to produce ova 
for reproduction. Associated with the deterioration of ova 
production is estrogen withdrawal and vaginal dryness. The 
hot flush is a physiological response to estrogen withdrawal 
which often accompanies deteriorating reproductive function 
during menopause. Hot flushes are associated with a hormonal 
imbalance and result from tissue aging « 

The hot flush is common to about 75% of menopausal 
women, and usually occurs in women between the ages of 45 and 
55. About 30% of all women in this age group suffer from 
severe flushes for a certain period of time ranging from about 
6 months to about 5 years. Five percent (5%) of all women 
continue to suffer from the syndrome for the remainder of 
their lives. 

Estrogen treatment is effective in many cases, but 
there is controversy amongst physicians as to the duration and 
the side effects of such treatment. Presently, there is no 
alternative treatment for relieving hot flush syndrome in 
women other than estrogen treatment. 

other body functions, including those associated with 
mental processes and especially memory, also deteriorate with 
age. The loss of certain mental processes differs from one 
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individual to another within the same age group. It is 
estimated that about 50% of people over the age of 65 suffer 
from a certain degree of memory loss, and about 15% of those 
people suffer from a severe degree of such mental dysfunction. 
It is a very distressing syndrome and little can be done to 
alleviate the deterioration • 

It is an object of the present invention to provide 
novel dietary supplements which may be taken to alleviate the 
occurrence and severity of hot flushes in women and to improve 
the memory and mental processes of individuals. 

It is an additional object of the present invention to 
provide a method for alleviating the occurrence and severity 
of hot flushes in women which are associated with hormonal 
imbalance and tissue aging. 

It is a further object of the present invention to 
provide a method for improving memory, especially short-term 
memory and other mental dysfunction associated with the aging 
process. 

Brief Description of the Inven-hinn 

The present invention provides a dietary supplement 
composition containing a mixture of lipids, extracted from 
natural sources, which has a beneficial effect on a variety of 
disorders and syndromes in humans. The dietary supplement of 
the present invention is preferably formulated as a beverage, 
but may be formulated in granule, capsule or suppository form. 

The dietary supplement composition of the present 
invention provides a combination of phospholipid and neutral 
lipid supplements to the diet. This dietary supplementation 
alleviates to a great extent the occurrence and severity of 
the hot flush syndrome. Furthermore, these supplements slow 
the deterioration of mental processes and markedly improve 
memory, especially short-term memory, of individuals who have 
taken the supplement of the present invention. 

The lipid supplement of the present invention is a 
mixture of phospholipids and glycerides from animal and plant 
sources having a defined composition profile of fatty acids 
and phosphlipid head groups which are essential for proper 
effectiveness. 

In relevant part, compositions of the present inven- 
tion comprise: 
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a) a lipid mixture obtained from egg yolks, said lipid 
mixture containing a mixture of phospholipids comprising about 
5% to about 40% by weight of the total weight of phospholipids 
and neutral lipids in said supplement; 

b) a phospholipid mixture obtained from a source other 
than egg yolks in an amount equal to about 5% to about 40% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement wherein at least about 30% by weight of the 
total phospholipid content of said phospholipid mixture is 
comprised of negatively charged phospholipids; 

c) a neutral lipid mixture obtained from a source other 
than egg yolks in an amount equal to about 20% to about 80% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement, and wherein said lipid mixture, said 
phospholipid mixture, and said neutral lipid mixture together 
comprise at least about 5% by weight of said supplement, said 
negatively charged phospholipids comprise at least about 10% 
by weight of said phospholipids and neutral lipids in said 
supplement and the weight ratio of neutral lipids to 
phospholipids in the supplement ranges from about 1:1 to about 
2.5:1. 

These dietary supplement compositions may be further 
comprised of antioxidants, and formulated with alcohol as 
beverages for ingestion- Certain additives, for example 
flavorings and/or coloring agents, may be added to make the 
supplement more palatable or to enhance the nutritional value 
of the supplement. Diluents and excipients may be added to 
the compositions of the present invention to produce a dietary 
supplement that may be used in capsule, granule or suppository 
form. 

Compositions of the present invention are useful as 
dietary supplements for alleviating the occurrence and 
severity of hot flushes in menopausal women. In addition, 
these compositions are effective as dietary supplements for 
slowing, and in certain cases, reversing the deterioration of 
mental processes associated with the process of aging. 

The present invention also relates to methods for 
alleviating the occurrence and severity of hot flushes in 
women which are associated with hormonal imbalance during and 
after menopause and tissue aging. 
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The present invention further relates. to a method for 
improving memory, especially short-term memory and other men- 
tal dysfunction associated with the aging process. 
Qetailed Description of the Inventj n p 

Dietary supplement compositions of the present inven- 
tion comprise a lipid mixture obtained from egg yolks, a 
phospholipid mixture obtained from a source other than egg 
yolk, preferably having a high percentage of negatively 
charged phospholipids, and a neutral lipid mixture obtained 
from a source other than egg yolks, preferably containing a 
high percentage of neutral lipids. Preferred embodiments 
additionally comprise an effective amount of a physiologically 
acceptable antioxidant and/or at least about 0.5% of ethyl, 
alcohol. 

The lipid mixture is a mixture of phospholipids and 
neutral lipids obtained from egg yolk by extraction. The 
lipid mixture may be obtained by extracting egg yolks with any 
number of non-polar and/or polar solvents including 
chloroform, methylene chloride, acetone, chlorofora-methanol 
1:1 v/v, tetrahydrofuran, diethyl ether, diethyl ketone, 
acetonitrile, methanol and ethanol, among others, followed by 
precipitation of a certain fraction of the extracted lipid, 
preferably with acetone. Such a procedure, described in U.S. 
Patent No. 4,474,773, which is hereby incorporated by 
reference, produces a lipid mixture of phospholipids and 
neutral lipids wherein the percentage of neutral lipids is 
relatively high compared to the phospholipid component (weight 
ratio of neutral lipids to phospholipids generally ranges from 
about 1:1 to about 7:3). AL-721™ (Ethigen Corporation, 
U.S.A.), described in U.S. Patent No. 4,474,773, is an example 
of a commercially available product produced using such a pro- 
cedure. 

Alternatively, and preferably, the lipid mixture 
obtained from egg yolk contains a high percentage of 
phospholipid compared to neutral lipid. In order to produce 
such a lipid mixture, it is preferable to extract the egg 
yolks with a polar solvent, preferably boiling ethyl alcohol, 
for a period of about one hour. It is preferred that 95% 
ethanol be used, but an ethanol-water mixture containing at 
least about 70% ethanol may also be used to effect the extrac- 



wo 89/05655 



-5- 



PCT/NL88/00058 



tion. Other polar solvents may be used, but preferred sol- 
vents include those which are pharmaceutical ly compatible and 
are non-toxic in small amounts. The extraction of egg yolks 
with a polar solvent produces a mixture of phospholipids and 
neutral lipids in which phospholipids, more polar than the 
neutral lipids, predominate. Preferably, the weight ratio of 
phospholipids to neutral lipids in the lipid mixture obtained 
from egg yolk is about 1:2. 

The lipid mixture obtained from egg yolk comprises 
about 5% to about 40%, and preferably, about 10% to about 30% 
by weight of the total weight of phospholipids and neutral 
lipid sin the compositions. The amount of lipid mixture 
obtained from the egg yolks generally equals about 5% to about 
15% by weight of the total weight of crude egg yolk. 

Compositions of the present invention also comprise a 
phospholipid mixture obtained from a source other than egg 
yolks containing a mixture of phospholipids wherein at least 
about 30% and preferably at least about 50% of the 
phospholipids are negatively charged phospholipids. Any num- 
ber of non-egg yolk sources of phospholipids are available 
including, for example, vegetable or soya lecithin (commercial 
granulated soya lecithin) and brain phospholipids. The 
phospholipid source is selected such that at least 30% by 
weight of the phospholipids are negatively charged 
phospholipids. Negatively charged phospholipids are those 
phospholipids that have a net negative charge and include 
phosphatidic acid, phosphatidylserine, phosphatidylinositol 
and phosphatidylglycerol, among other phospholipids. Of those 
phospholipids that are not negatively charged, phosphatidyl- 
choline and phosphatidylethanolamine predominate. Preferably, 
the weight ratio of phosphatidylcholine to 
phosphatidylethanolamine in the phospholipid mixture is about 
1:1, but may vary over a wide range. The amount of 
phospholipid mixture included in the compositions of the pres- 
ent invention varies, but generally ranges between about 5% 
and about 40%, preferably 20% to 40%, of the total weight of 
phospholipids and neutral lipids in the composition. The 
amount of the phospholipid mixture included in the composi- 
tions of the present invention is such that the total amount 
of negatively charged phospholipids is at least about 10% by 
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weight of the total weight of phospholipids and neutral 
lipids. . • 

The inclusion of relatively large amounts of nega- 
tively charged phospholipids is viewed as important to the 
activity, of the compositions. By including large amounts of 
negatively charged phospholipids above about 10% of the total 
weight of phospholipids and neutral lipids, compositions of 
the present invention may act to provide a source of nega- 
tively charged phospholipids which disappear during the aging 
process, especially in the brain. The inclusion of high per- 
centages of negatively charged phospholipids in supplement 
compositions of the present invention acts to reverse this 
disappearance . 

Compositions of the present invention also comprise a 
neutral lipid mixture obtained from a non-egg yolk source. 
The amount of neutral lipid included in compositions of the 
present invention ranges from about 20% to about 80% of the 
total weight of phospholipids and neutral lipids in the com- 
position. Preferably, compositions of the present invention 
comprise about 30 to about 50%' neutral lipids. Neutral lipids 
include mono-glycerides , di-glycerides and tri-glycerides as 
well as cholesterol, carotene and other hydrophobic pigments. 
Preferable sources of neutral lipids include butter, fish oil 
and cocoanut oil. While a number of mixtures of neutral 
lipids may be used in practicing the present invention, it is 
preferred that a source of neutral lipids which comprises 
predominantly (greater than 50% by weight) short-chain neutral 
lipids is used. Short-chain neutral lipids are mono, di, and 
tri-glycerides having side chains of less than 12 carbon units 
and include, for example glycerol tributyrate (tributyrene) - 
Short-chain neutral lipids are preferred because they function 
as potent precursors for phospholipid and neutral lipid 
synthesis. 

It is preferred that the neutral lipid mixture com- 
prises about 30% to about 50% by weight of the total weight of 
phospholipids and neutral lipids. The amount of neutral lipid 
incorporated into compositions of the present invention is 
chosen so that the weight ratio of neutral lipid to 
phospholipid ranges between about 1:1 to about 2.5:1, It is 
especially preferred that the weight ratio of neutral lipids 
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to phospholipids in compositions of the present invention is 
about 2:1. 

Compositions of the present invention may include a 
physiologically compatible antioxidant, for example, alpha- 
tocopherol, tocopherylacetate and ascorbic acid, among others. 
It is preferred that the antioxidant comprises between about 
0.2* to about 2.0% by weight of the phospholipids and neutral 
lipids, and, most preferably, the antioxidant comprises about 
0.5% by weight of the phospholipids and neutral lipids. 

Ethyl alcohol is preferably included in liquid dietary 
supplements formulated with compositions of the present inven- 
tion. In the liquid supplement, the alcohol preferably com- 
prises at least about 0.5% v/w of the liquid supplement. The 
alcohol is included in the supplement to aid the emulsifica- 
tion of the lipid mixtures (phospholipids and neutral lipids), 
to provide preservative and anti-bacterial activity and to 
function as a fluidizer in conjunction with the lipid mix- 
tures. The ethyl alcohol appears to act synergistically with 
lipid mixture compositions of the present invention. 

Compositions of the present invention are preferably 
provided as a liquid dietary supplement or alternatively, 
these compositions may be formulated as granules, capsules or 
suppositories. The liquid supplement may include a number of 
suitable carriers and additives including water, glycols, 
oils, alcohols, flavoring agents, preservatives, coloring 
agents and the like. In capsule, granule or suppositozry form, 
the compositions of the present invention are formulated in 
admixture with a pharmaceutically acceptable carrier. 

To prepare the compositions of the present invention 
in capsule, granule or suppository form, one or more composi- 
tions of the present invention may be intimately admixed with 
a pharmaceutically acceptable carrier according to conven- 
tional formulation techniques. For solid oral preparations 
such as capsules and granules, suitable carriers and additives 
such as starches, sugars, diluents, granulating agents, 
Itibricants, binders, disintegrating agents and the like may be 
included. 

Compositions of the present invention are ingested in 
liquid form or are taken in capsule, granule or suppository 
form once or twice a day. Dosages generally should range from 
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about 10 to 50 g. per day depending on the composition 
ingested. In the most preferred embodiment of the present 
invention, the daily dose should be about 24 g. per day. The 
compositions are preferably ingested once daily in the morning 
or the evening on an empty stomach or with non-fat foods at 
least two hours before eating. 

The present invention also relates to methods for 
alleviating the occurrence and severity of hot flushes associ- 
ated with estrogen withdrawal in menopausal women and for 
slowing the deterioration of mental processes and improving 
memory, especially short-term memory. 

In the methods of the present invention, the lipid 
mixture compositions of the present invention may be used to 
alleviate the occurrence and severity of hot flushes in 
menopausal women. These same compositions may be used to 
improve short-term memory and other mental dysfxinction caused 
by the process of aging. In a further embodiment of the pres- 
ent invention, the commercially available egg lecithin product 
Al-721™ is used to alleviate hot flushes in women and to 
restore the short-term memory to individuals with mental dys- 
function produced by the aging process. 

In the method of the present invention compositions of 
the present invention, as well as AL-721™, are provided as a 
dietary supplement in doses of about 24 grams of total lipid 
for periods of about two weeks to individuals exhibiting hot 
flushes or loss of short-term memory. The method of the pres- 
ent invention results in alleviation of the debilitation asso- 
ciated with these conditions. 

AL-721TM egg lecithin is an lipid mixture extract from 
egg yolks comprising about 70% of a neutral lipid fraction, 
and about 30% of phospholipids (phosphatidylcholine and 
phosphatidylethanolamine in a weight ratio of about 2:1). 

The present invention may be further understood by way 
of the following examples. It is to be understood by those 
skilled in the art that the following examples are illustra- 
tive of practicing the present invention, but in no way should 
they be considered limiting. 
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Example 1 

A liquid dietary preparation was prepared as follows: 
Twenty egg-yolks (360 g.) were introduced into 6 liters of 
ethyl alcohol (95%) and boiled for one hour. The heated mix- 
ture was filtered to remove undesired residues. To the 
resulting liquid was added 100 grans of soya lecithin (commer- 
cial granulated soya lecithin, about 70% phospholipids) , 100 
grams of butter and 2 grams of vitamin E as an anti-oxidant* 
The mixture was thoroughly homogenized and the alcohol content 
was evaporated to a residual alcohol content of from about 10 
to about 20%, The recovered alcohol was recycled and used 
with additional batches. To the residual material was added a 
quantity of water up to a final volume of 3 liters. Additives 
including flavoring such as vanilla or cocoa, coloring and 
additional additives may be used to increase the palatability 
of the formulation. Formulations having a low alcohol content 
have a pleasant taste. 

The final product is an aqueous emulsion which 
includes about 12% (w/v) of lipids as the active ingredient, 
5-8% ethyl alcohol and a mixture of antioxidants. 

Example 2 

The weight ratio of the egg-yolk lipid mixture, the 
phospholipid mixture and the neutral lipid mixture may be 
varied according to the scope of the present invention to pro- 
duce products containing the following weight ratios of the 
lipid components: 

Component Amount Percent bv Weight 

of Total ^;pAd Mj.xture 

a) lipid mixture from egg yolk 5 to 40% 

b) phospholipid mixture from . 5 to 40% 
vegetable source containing 

at least about 30% by weight 
of negatively-charged phospho-* 
lipids 

c) neutral lipids 20 to 80% 

d) antioxidant 0.2 to 2.0% 
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These compositions may be formulated as a liquid 
dietary supplement containing preferably at least about 0.5% 
v/w of the liquid supplement and, most preferably, about 5% to 
about 8%, along with flavorings, colorings and the like, or 
alternatively, these compositions may be formulated using 
standard pharmaceutical formulation techniques to produce a 
dietary supplement in granule, capsule or suppository form. 

Example 3 

Effect of Lipid Mixtxire Compositions 
On Hot Flus hes of Menopausal Women 

The composition of Example 1 was tested in a group of 
12 women who were measured for the number cmd intensity of 
daily hot flushes. Each of the women was subjected to 4 test 
periods with an interval between each of these periods. For 
period A, the number and intensity of hot flushes were 
measured in the group of 12 women who had not received the 
composition of Example 1. For period B, the number and 
intensity of hot flushes were measured in the same group of 12 
women after ingesting a cocktail mixture comprising 12 g. of 
lipid mixture (100 ml. of Example 1) daily for a period of 2 
weeks. For period C, the number and intensity of hot flushes 
in the group of 12 women were measured after ingesting a cock- 
tail mixture comprising 24 g. of lipid mixture. For period D, 
the number and intensity of hot flushes were measured 3 to 10 
days after the lipid mixture compositions were withdrawn. 

Results of the test (Table 1) demonstrate a pronounced 
decrease in the severity of the flushes, as well as in their 
total number. After termination of the administration of the 
liquid dietary supplement of Example l (period p) , a partial 
relapse occurred. 
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Table ;i: Daily Number and Tnt^ ensitv of Hot Flushes in 12 
Women 

Intensity/ Mild Moderate Severe Total Weighted 

Period Mean +S.D. 



A 


0,75 


5.0 


10.5 


6.3 


42.3 


+ 15.5 


B 


3.5 


2.5 


2.5 


8.5 


16.0 


± 9.0 


C 


3.5 


1.5 


2.3 


7.3 


13.4 


±10.0 


D 


2.5 


4.8 


4.2 


11.5 


24.7 


+ 11.0 



Period of Test ! 

A- control 

B- 12 g. Cocktail Mixture (Example 1) daily for 2 

weeks- 

C- 24 g. Cocktail mixture (Example 1) daily for 2 

weeks 

D- 3 to 10 days after withdrawal of medication 

Each of the women passed 4 sequential periods of tests 
as indicated above. Hot flushes were scored by the participa- 
ting subjects using three pareimeters: temperature, sweat and 
tremors. The results show a marked reduction in the severity 
of the flushes, as well as in their total number. Shortly 
after withdrawal of medication, a partial relapse was 
observed . 

The serum lipid components including cholesterol, 
triglycerides, high density lipoproteins (HDL) and low density 
lipoprotein (LDL) of the 12 women were determined during the 
trial periods. These are presented in Table 2, below. The 
results demonstrate that no substantial change of serum lipids 
took place. 

The levels of the hormones FSA and beta-estradiol in 
the plasma were also determined. The results, summarized in 
Table 3, indicate that there was no appreciable change in 
hormone levels as a result of the ingestion of these lipids. 
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PERIOD 



Sermn Components 


A 


B 


C 


D 


Total Cholesterol 


252 


256 


258 


268.5 


Triglycerides 


165 


178 


227 


207.7 


Total Cholesterol 


4.8 


4.9 


5.0 


4.5 


HDL 


60 


57 


55 


62 


LDL 


3.0 


2.9 + 0.3 


3.0 + 0.5 


2.7 



Period of T«.^i- « 

A- control 

weeks ^" ^* Cocktail Mixture (Example i) daily for 2 
weeks ^" ^* Cocktail mixture (Example 1) daily for 2 
D- 3 to 10 days after withdrawal of medication 
? ' — Mean Values of ffi^ fmiT/ml ) anri it beta-estT-arf i 

^^^^"■^ FSH 17 beta-estradiol 

A 99 33 

B 106 32 

C 98 35 

D 100 31 

Period e^f Tae^.. 

A- control 

weeks ^' ^* cocktail Mixture (Example 1) daily for 2 
weeks ^' ^' mixture (Example 1) daily for 2 

D- 3 to 10 days after withdrawal of medication 
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pxample 4 

Effect of Lipid Mixture Composition AL-72lTM 
on Hot Flushes of Menopausal Women 

The lipid mixture composition AL-721™ was tested in a 
group of 10 women who were measured for the number and 
intensity of daily hot flushes. Each of the women was sub- 
jected to 3 test periods with an interval between each of 
these periods. For period A, the number and intensity of hot 
flushes were measured in women who had not received AL-72lTM. 
For period B, the number and intensity of hot flushes were 
measured in the same group of 10 women after ingesting 15 g. 
of AL-721™ daily for a period of 2 wee]cs. For period c, the 
number and intensity of hot flushes were measured 3 days after 
AL-721™ was withdrawn. 

Results of the test demonstrate (Table 4) a significant 
decrease in the severity of the flushes, as well as in their 
total number. After termination of the administration of AL- 
721*™ (period C) , a partial relapse of hot flushes occurred, 

ya^3.e 4: Average Daily Numbe r and Intensity of Hot Flushes in 

10 Women Receiving AL>72ix« 

INTENSITY 

Period Mild Moderate Severe Total 



A 
B 
C 



1.2 
2.2 
3.5 



4.6 
3.6 
3.2 



8.6 
1.6 
3.8 



14.4 
7.4 
10.5 



Periods of Test : 

A- before treatment 

B- 15 g. of AL-721TM daily for 2 weeks 
c- 3 days after withdrawal of AL-72lTM 

This trial was carried out several months after trial 
number 1 (Example 3). Each of the women passed through three 
sequential periods of test as indicated. The results are 
similar to those presented in Table 1 and verify the use of 
AL-721™ for use as an agent to reduce hot flushes in 
menopausal women. 
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Example 5 

Effect of Example 1 Composition on Short 
Term Memory 

Studies have shown that after ingestion of 24 g. of 
the composition of Example 1 for a period of a few weeks, 
improvement of memory took place and the general well-being of 
the persons treated improved. Small-scale trials on individu- 
als suffering from loss of short-term memory and other mental 
dysfunction indicate the pronounced efficacy of the prepara- 
tions of the invention in this respect. The trials were 
carried out on an individual basis and results were based on 
the individuals reporting subjective improvements during the 
studies. 

It is to be understood by those skilled in the art 
that the foregoing description and examples are illustrative 
of practicing the present invention, but are in no way limit- 
ing. Variations of the detail presented herein may be made 
without departing from the spirit and scope of the present 
invention. 
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CIAIMS : 

1. A dietary supplement for ingestion by hximans comprising: 

a) a lipid mixture obtained from egg yolks by extracting 
said egg yolks with an organic solvent, said lipid mixture 
containing a mixture of phospholipids comprising about 5% to 
about 40% by weight of the total weight of phospholipids and 
neutral lipids in said supplement; 

b) a phospholipid mixture obtained from a source other 
than egg yolks in an amount equal to about 5% to about 40% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement wherein at least about 30% by weight of the 
total phospholipid content of said phospholipid mixture is 
comprised of negatively charged phospholipids; and 

c) a neutral lipid mixture obtained from a source other 
than egg yolks in an amount equal to about 20% to about 80% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement, and wherein said lipid mixture, said 
phospholipid mixture, and said neutral lipid mixture together 
comprise at least about 5% by weight of said supplement, said 
negatively charged phospholipids comprise at least about lo% 
by weight of said phospholipids and neutral lipids of said 
supplement and the weight ratio of neutral lipids to 
phospholipids in said supplement ranges from about 1:1 to 
about 2.5; 1. 

2. The dietary supplement according to claim 1 further com- 
prising at least about 0.5% (v/w) of the total weight of the 
supplement of ethyl alcohol. 

3. The supplement according to claim 1 or 2 further compris- 
ing an effective amount of a physiologically acceptable 
antioxidant. 

4. The supplement according to any of claims 1 through 3 
wherein said antioxidant comprises about 0.2 to about 2.0% by 
weight. 

5. The supplement according to any of claims 1 through 4 
wherein said lipid mixture is obtained by the extraction of 
egg yolks with boiling 95% ethyl alcohol. 

6. The supplement according to any of claims 1 through 5 
wherein said phospholipid mixture is soya lecithin. 

7. The supplement according to any of claims 1 through 6 
wherein said neutral lipid mixture is obtained from animal 
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butter. 

8. The supplement according to any of claims i through 7 
wherein said neutral lipid fliscure is predominantly comprised 
of short-chain neutral lipids. 

9. A dietary supplement for ingestion by humans comprising: 

a) a lipid mixture obtained from egg yolks by extracting 
said egg yblJcs with boiling ethanol for a period of about one 
hour, said lipid mixture containing a mixture of phospholipids 
comprising about 5% to about 40% by weight of the total weight 
of phospholipids and neutral lipids in said supplement; 

b) a phospholipid mixture obtained from a source other 
than egg yolk in an amount equal to about 5% to about 40% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement wherein at least about 30% by weight of the 
total phospholipid content of said phospholipid mixture is 
comprised of negatively charged phospholipids; and 

c) a neutral lipid mixture obtained from a source other 
thw egg yolk in an amount equal to about 20% to about 80% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement, and wherein said lipid mixture, said 
phospholipid mixture, and said neutral lipid mixture together 
comprise at least about 5% by weight of said supplement, said 
negatively charged phospholipids comprise at least about 10% 
by weight of said phospholipids and said neutral lipids. 

10. The supplement according to claim 9 wherein the weight 
ratio of neutral lipids to phospholipids in said supplement 
ranges from about 1:1 to about 2.5:1. 

11. The supplement according to claims 9 or 10 wherein said 
phospholipid mixture is obtained from soya lecithin and said 
neutral lipid mixture is obtained from animal butter. 

12. A dietary supplement for use in treating hot flushes in 
menopausal women comprising comprising: 

a) a lipid mixture obtained from egg yolks by extracting 
said egg yolks with an organic solvent, said lipid mixture 
containing a mixture of phospholipids comprising about 5% to 
about 40% by weight of the total weight of phospholipids and 
neutral lipids in said supplement; 

b) a phospholipid mixture obtained from a source other 
than egg yolks in an amount equal to about 5% to about 40% by 
weight of the total weight of phospholipids and neutral lipids 
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in said supplement wherein at least about 30% by weight of the 
total phospholipid content of said phospholipid mixture is 
comprised of negatively charged phospholipids; and 

c) a neutral lipid mixture obtained from a source other 
than egg yolks in an amount equal to about 20% to about 80% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement, and wherein said lipid mixture, said 
phospholipid mixture, and said neutral lipid mixture together 
comprise at least about 5% by weight of said supplement, said 
negatively charged phospholipids comprise at least about 10% 
by weight of said phospholipids and neutral lipids of said 
supplement and the weight ratio of neutral lipids to 
phospholipids in said supplement ranges from about 1:1 to 
about 2.5:1. 

13. The supplement according to claim 12 wherein said lipid 
mixture comprises about 20% to about 40% by weight, said 
phospholipid mixture comprises about 20% to about 40%, and 
said neutral lipid mixture comprises about 30% to about 50% by 
weight of said phospholipids and neutral lipids. 

14. The supplement according to claims 12 or 13 wherein said 
supplement further comprises a pharmaceutical ly compatible 
antioxidant. 

15. The supplement according to any of claims 12 through 14 
wherein said supplement further comprises at least about 0.5% 
v/w of the total weight of the supplement of ethyl alcohol. 
1-6. The supplement according to any of claims 12 through 15 
wherein said lipid mixture is obtained by extracting egg yolks 
with boiling ethanol for a period of one hour. 

17. The supplement according to any of claims 12 through 16 
wherein said phospholipid mixture is soya lecithin. 

18. The supplement acording to any of claims 12 through 17 
wherein said neutral lipid mixture is obtained from animal 
butter. 

19. The supplement according to any of claims 12 through 18 
wherein said neutral lipid mixture is predominantly comprised 
of short-chain neutral lipids. 

20. A dietary supplement for use in treating mental dysfunc- 
tion including loss of short-term memory caused by the aging 
process in humans comprising: 

a) a lipid mixture obtained from egg yolks by extracting 
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said egg yolks with an organic solvent, said lipid mixture 
containing a mixture of phospholipids comprising about 5% to 
about 40% by weight of the total weight of phospholipids and 
neutrza lipids in said supplement; 

b) a phospholipid mixture obtained from a source other 
than egg yolks in an amount equal to about 5% to about 40% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement wherein at least about 30% by weight of the 
total phospholipid content of said phospholipid mixture is 
comprised of negatively charged phospholipids; and 

c) a neutral lipid mixture obtained from a source other 
than egg yolks in an amount equal to about 20% to about 80% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement, and wherein said lipid mixture, said 
phospholipid mixture, and said neutral lipid mixture together 
comprise at least about 5% by weight of said supplement, said 
negatively charged phospholipids comprise at least about io% 
by weight of said phospholipids and neutral lipids of said 
supplement and the weight ratio of neutral lipids to 
phospholipids in said supplement ranges from about l:i to 
about 2.5:1. 

21. The supplement according to claim 20 wherein said lipid 
mixture comprises about 20% to about 40% by weight, said 
phospholipid mixture comprises about 20% to about 40%, and 
said neutral lipid mixture comprises about 30% to about 50% by 
weight of said phospholipids and neutral lipids. 

22. The supplement according to claims 20 or 21 wherein said 
supplement further comprises a pharmaceutically compatible 
antioxidant. 

23. The supplement according to any of claims 20 through 22 
wherein said supplement further comprises at least about 0.5% 
v/w of the total weight of the supplement of ethyl alcohol. 

24. The supplement according to any of claims 20 through 23 
wherein said lipid mixture is obtained by extracting egg yolks 
with boiling ethanol for a period of one hour. 

25. The supplement according to any of claims 20 through 24 
wherein said supplement is administered to said human for a 
period of at least two weeks. 

26. A method of treating hot flushes in menopausal women com- 
prising administering to a woman experiencing hot flushes at 
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least about 15 daily of AL-721™ for a period of at least 
about two weeks. 

27. A method of treating mental dysfunction including loss of 
short-term memory caused by the aging process in humans com- 
prising administering to an individual experiencing a loss of 
memory at least about 15 g. daily of AL-721™ for a period of 
at least about two weeks. 

28. A method of making a dietary supplement for ingestion by 
humans comprising: 

a) extracting egg yolks with an organic solvent to produce 
a lipid mixture containing a mixture of phospholipids and 
neutral lipids comprising about 5% to about 40% by weight of 
the total weight of phospholipids and neutral lipids in said 
supplement; 

b) adding to said egg yolk 

i) a phospholipid mixture obtained from a source other 
than egg yolks in an amount equal to about 5% to about 40% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement wherein at least about 30% by weight of the 
total phospholipid content of said phospholipid mixture is 
comprised of negatively charged phospholipids and 

ii) a neutral lipid mixture obtained from a source other 
than egg yolks in an amount equal to about 20% to about 80% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement, and wherein said lipid mixture, said 
phospholipid mixture, and said neutral lipid mixture together 
comprise at least about 5% by weight of said supplement, said 
negatively charged phospholipids comprise at least about 10% 
by weight of said phospholipids and neutral lipids of said 
supplement and the weight ratio of neutral lipids to 
phospholipids in said supplement ranges from about 1:1 to 
about 2.5:1; and 

c) homogenizing said lipid mixture, said phospholipid mix- 
ture and said neutral lipid mixture. 

29. The method according to claim 28 comprising the addi- 
tional step of adding a pharmaceutical ly compatible 
antioxidant to said mixture from claim 28. 

30. The method according to claims 28 or 29 comprising the 
additional step of adding ethyl alcohol to said mixture from 
claim 28 » 
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31. A method of making a dietary supplement for ingestion by 
humans comprising: 

a) extracting egg yolks with boiling ethyl- alcohol for a 
period of about one hour to produce a lipid mixture containing 
a mixture of phospholipids and neutral lipids comprising about 
5% to about 40% by weight of the total weight of phospholipids 
and neutral lipids in said supplement; 

b) filtering said mixture to remove undesired residues; 

c) adding to said egg yolk mixture 

i) a phospholipid mixture obtained from a source other 
than egg yolks in an amount ecpial to about 5% to about 40% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement wherein at least about 30% by weight of the 
total phospholipid content of said phospholipid mixture is 
comprised of negatively charged phospholipids and 

ii) a neutral lipid mixture obtained from a source other 
than egg yolks in an amount equal to about 20% to about 80% by 
weight of the total weight of phospholipids and neutral lipids 
in said supplement, and wherein said lipid mixture, said 
phospholipid mixture, and said neutral lipid mixture together 
comprise at least about 5% by weight of said supplement, said 
negatively charged phospholipids comprise at least about 10% 
by weight of said phospholipids and neutral lipids of said 
supplement and the weight ratio of neutral lipids to 
phospholipids in said supplement ranges from about 1:1 to 
about 2.5:1; 

c) homogenizing said lipid mixture, said phospholipid mix- 
ture and said neutral lipid mixture; and 

d) evaporating said ethyl alcohol to about 10% to about 
20% of said ethyl alcohol used for extracting said egg yolks. 
32. The method according to claim 31 comprising the addi- 
tional step of adding .a pharmaceutically compatible 
antioxidant to said mixture from claim 31. 
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